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Our mission is to provide our customers 
with the highest level of product value, 
service, and quality in an environment of 


sustained and profitable growth for our 


employees and shareholders. 


We will place the Customer First and will 
maintain the highest standards of ethical 


conduct in all our activities. 
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BI Technologies, Corp. makes no representation that the 
use or interconnection of the circuits described herein 
will not infringe on existing or future patent rights, nor 
do the descriptions contained herein imply the granting 
of licenses to make, use or sell equipment constructed in 
accordance therewith. 


©1996, by BI Technologies. All rights reserved. This 
book, or any part or parts thereof, must not be reproduced 
in any form without permission of the copyright owner. 


NOTE: The information presented in this book is 
believed to be accurate and reliable. BI Technologies 
reserves the right to make changes to the products con- 
tained in this databook to improve performance, relia- 
bility, or manufacturability. However, no responsibility 
is assumed by BI Technologies for its use. 


LIFE SUPPORT POLICY 

BI Technologies’ products are not authorized for use as 
critical components in the life support devices or systems 
without express written approval. 
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CORPORATE OVERVIEW 


BI Technologies has been and innovator and leader in electronic components for 


50 years. We have evolved and changed, in name and in form, while retaining our innovative 
spirit. 

Today our product line encompasses trimming potentiometers, precision potentiometers, 
position sensors, turns counting dials, resistor and resistor networks, integrated passive networks, 
transformers and inductors, hybrid and power hybrid microcircuits, and custom integration of 
these technologies. 


We manufacture products on three continents and service customers globally from nine 
direct sales offices and over 200 representative and distributor offices. Our direct offices are 
located in: 


¢ Fullerton, California ¢ Glenrothes, Scotland 
e Gagny, France ¢ Munich, Germany 

e Milan, Italy ¢ Tokyo, Japan 

e Singapore ¢ Hong Kong 


Astec PLC, is our parent company. Astec is a large publicly traded power conversion 
company with global sales and manufacturing locations. 


Emerson Electric of St. Louis is Astec’s largest shareholder. Emerson is an $8 billion 
publicly traded manufacturer with a wide range of products and affiliated companies. 


These two world class organizations provide BI with tremendous resources for capital, 
technology exchange, and purchasing leverage — three resources essential to meet rapidly 
changing markets and cost pressures of our highly competitive environment. 


BI Technologies, maintains its leadership through high quality, innovative solutions, 


a broad product offering and a sensitivity to the evolving needs of our customers. 
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1971 


Introduction of 
the Teflon rotor, 


“Zero Backlash.” 
1969 
First hybrid 
element potentiometer 
introduced. 


1964 
Introduction 1970 
of conductive Resistor network 


plastic elements. 


1962 1964 
First Cermet Introduction of 
ir idatagike the RESNET® 
potentiometer (resistor network) 
introduced. 1963 

1958 Introduction of Thick 

Deena Film Microcircutts. 

our Scotland 1959 

manufactur ing First turns counting 

facility. dials introduced. 


1951 
High speed continuous , 
winders developed. / 


1940 

First Helical 
potentiometer 
invented. 


1944 


956 

First “Cermet” processes 
developed for use in pots 
and trimmers (Cermet - a 
contraction of the words 
ceramic and metal.) 


“A” pot introduced — 
still in use today. 


Vv 


introduced in 14 
pin DIP package 


1984 
BI becomes affiliated with 
Emerson Electric Co. 


OTe 

pening of 
ales office in 
okyo, Japan. 


1980 

Opening of 
Mexicali, 
Mexico facility 


1974 


Introduction 
of Thin Film 
Precision networks. 


1986 
Introduction of 
surface mount 
molded networks. 


1995 Introduction of 
1991 RC Chip Arrays 


Implementation of customer 
driven manufacturing. “a 


1987 
Introduction of wound 
transformers and inductors 
for the power conversion 
market. 


1994 Introduction of 
4mm Square Sealed 
SMD Trimmers. 


Emerson Electric acquires 
minority interest in Astec (BSR) 
Pic. BI becomes subsidiary 
of Astec (BSR) Ple. 


It began with a single innovation. ‘The helic 
potentiometer we created in 1940 was sO. inge- 
nious, it is still in use today. This ability to 
anticipate and service customer needs has be 
the source of our reputation for 50 years. 1 Th 
concept shines bright today, and is a ‘compon 
of our Customer First philosophy. 


In the 1950’s, we responded to the need for inex- Pas 
pensive, heat resistant trimmers with a new 
material - cermet. Cermet began a revolution i in 
trimming potentiometers and remains an 
industry standard today. 


Every day, all around the woud, our 1 compone: its 

are used in every conceivable application. Fre 

home computers to super computers, heart mo 
tors and guitar monitors, instrumentation fc 

dashboard and the space shuttle — if it is f 

tronic, it probably relies on BI componen 


Dynamic, focused, and rich in he 
Technologies continues its evolu ic 
evolution driven by customer need and the 
technology that serves those needs _ 


BI is committed to total customer satisfaction. We will provide our customers with defect-free products and 


service through a process of continuous quality improvement. We recognize that every employee, supplier and 


customer is an essential component of our quality improvement process. Only by supporting each other, can we 


provide quality products and service. 


The above policy statement summarizes 
our commitment to producing and selling only top 
quality electronic components. In order to 
implement this policy and to track our progress, 
BI uses several tools and measurements. 


CYCLE TIME REDUCTION 


Reduced cycle times provide our 
customers with the exact parts that they want at 
the time that they want them. BI’s factories 
operate with the shortest lead times in the 
industry, in some product lines less than 14 days. 
This is accomplished by a unique order processing 
system that we call “Daily Dispatch”. Every day, 
our production schedule changes so that parts 
ordered by a customer are built first. This system 
allows for immediate changes and impressive 
flexibility. 


INVENTORY REDUCTION 


Minimum levels of work-in-process 
inventory also contribute to our manufacturing 
flexibility. Maintaining these low WIP inventories 
mandates that our processes operate to very high 
standards. Each part we make is designed for 
manufacturing ease; each assembly machine has a 
built-in process checks; and each operator is 
carefully trained before being assigned to any 
process. Controlled processes and excellent 
quality allow for low inventory. 


ON-TIME DELIVERY 


Our delivery commitments to our 
customers are continuously tracked by 
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management and supervisors. If commitments are 
not made, a failure analysis is performed and 
corrective action is implemented to ensure that a 
similar situation does not reoccur. 


OCUTGOING QUALITY 


Final audits are used to track the quality 
of parts as they might be received by customers. 
This data is used to determine our Average 
Outgoing Quality (AOQ). In 1994 our AOQ for 
some product lines is 0. Our other product lines 
are fast approaching this ultimate goal. 


Each of our primary manufacturing and 
design locations is certified to ISO 9000. Those 
sites which do not have a design function are cer- 
tified to ISO 9002 and those which do perform a 
design function are certified to ISO 9001. 


QUALITY IMPROVEMENT TOOLS 


There are many tools which BI personnel 
use for problem solving and quality improvement. 
Among these the most important are statistical 
process control techniques, statistical design of 
experiments, and test equipment and gage repro- 
ducibility and repeatability studies. 


sect’ 
DET NORSKE VERITAS 
QUALITY SYSTEM CERTIFICATE 


Certificate No. QSC - 3625 Rev.1 


| This is to certify that 


the Quality System 
of 
| 


BI TECHNOLOGIES CORPORATION 


at 
Fullerton, California USA 


Has been found to conform to the Quality System Standard: 


ISO 9001, 1994 


This Certificate is valid for the following product or service ranges: 


DESIGN AND MANUFACTURE OF TRIMMING POTENTIOMETERS, | 
PRECISION POTENTIOMETERS, THIN FILM RESISTOR 
NETWORKS AND HYBRID MICROCIRCUITS 


Place and date: This Certificate is valid until: 
Rotterdam, May 24th, 1995 January 20th, 1997 
for the Accredited Unit: (f 
DET NORSKE VERITAS INDUSTRY B.V., 


TE NETHERLANDS ~ ” 


Accredited by 
the Dutch Council 
for Certification 


Reg.No.24 


DNV Certification 


Lack of fulfilment of conditions as set out in the Appendix may render this Certificate invalid. 


Form No.: SEC-D-112E-07/93 DNVI 314/93 
cnn ana DARE ADR DO EDAD ata nine DRE ATA ES EE SEEDS OOO One | 
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DET NORSKE VERITAS 
QUALITY SYSTEM CERTIFICATE 


ee 


Certificate No. QSC - 3457 
This is to certify that 


the Quality System 
of 


- BICOMP S.A. DE G.V. 


at 
Mexicali, Mexico 


Has been found to conform to the Quality System Standard: 


ISO 9002, 1987 


This Certificate is valid for the following product or service ranges: 


MANUFACTURE OF POTENTIOMETERS AND VARIABLE RESISTORS 


Place and date: This Certificate is valid until: 
Rotterdam, October 4th 1993 September 10th 1996 
for the Accredited Unit: (f 
DET Vz. 
a 
Accredited by 


the Dutch Council 
for Certification 
Reg.No.24 


zumnnar D. rg 
Management Representative 
DNV Certification 


Lack of fulfilment of conditions as set out in the Appendix may render this Certificate invalid. 
Form No,: SFC-D-112E-07/98 DNVI 314/98 


DET NORSKE VERITAS INDUSTRY B.V. Haastrechtstraat 7, 3079 DC Rotterdam, The Netherlands, TELINT.:+31 10 479 86 00, FAX:+31 10 479 71 41 
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Certificate of Registration 


Certificate Number FM 26351 


BI TECHNOLOGIES LIMITED 


TELFORD ROAD 
EASTFIELD INDUSTRIAL ESTATE 
GLENROTHES, FIFE KY7 4NX 


operate a quality management system which complies with 
the requirements of BS EN ISO 9001:1994 


Pun 


Signed on behalf of BSI 


‘Accredited by the Dutch 
Council for Certification 


Originally registered 22 November 1993 Amendments to 18 August 1995 


This certificate remains the property of the British Standards Institution and shall be returned immediately 


v 


upon request. This certificate does not expire. To check its validity telephone +44 (0)1908 227700 NATIONAL 
ACCREDITATION 
The British Standards Institution is incorporated by Royal Charter. F CERTIFICATION 
BSI Quality Assurance PO Box 375 Milton Keynes United Kingdom MK14 6LL BODES 


Registration Number 003 
E329 Issuel 
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PRODUCT SELECTOR GUIDE 


AVAILABLE* 
PACKAGING 


MOUNTING 
STYLE 


MODEL 
NUMBER 


ADJUSTMENT ING 
TURNS 


ADJUSTMENT 
STYLE 


STANDARD 
RESISTANCE 


STANDARD 
RESISTANCE 


3/8” Sq. 
1/4” Sq. 


4mm Sq. 


1/4” Sq. 


1/4” Sq. 
3/8” Sq. 


3/8” Sq. 


3/8” Sq. 


3/4” Rect. 


1-1/4” Rect. 


Top, Side 
Top, Side 
Top, Side 


Top, Side 


Top, Side 
Top, Side 


Top, Side 


Top, Side 


Side 


Side 


Thru-Hole 


Thru-Hole 


Surface Mount 


Thru-Hole 


Surface Mount 


Thru-Hole 


Thru-Hole 


Thru-Hole 


Thru-Hole 


Thru-Hole 


RANGE (OHMS) 


10 to 1 Meg 
10 to 1 Meg 
10 to 2 Meg 


10 to 1 Meg 


10 to 1 Meg 
10 to 2 Meg 


10 to 2 Meg 


10 to 2 Meg 


10 to 2 Meg 


10 to 2 Meg 


TOLERANCE 


+10% 


+10% 
+10% 
(<1002=+20%) 


+10% 


+10% 
+10% 
(<1002=+20%) 


+10% 
(<1002=+20%) 


10% 
(<1002=+20%) 


+10% 
(<1002=+20%) 


+10% 
(<100Q=+20%) 


TB 


TB 
TR 
TB 


TR 
AP (64Y, 64Z Only) 


TR 


TB 
TR 
AP (66W, 66X Only) 
TB 
TR (67W, 67X Only) 
AP (67W, 67X Only) 


TB 
TR (68W, 68X Only) 
AP (68W, 68X Only) 


TB 


HOUSING 


SIZE 


3mm Sq. 


4mm Sa. 
4mm Sq. 


4mm Dia. 


1/4” Sq. 


1/4” Dia. 


3/8” Sq. 


1/4” Dia. 


1/4” Sq. 


3/8” Dia. 
1/2” Dia. 


ADJUSTMENT 


STYLE 


Top 
Top 
Top 


Top, Side 
Top, Side 


Top 


Top, Side 


Top, Side 


Top, Side 


Top, Side 
Top 


MOUNTING 
STYLE 


Surface Mount 


Surface Mount 
Surface Mount 
Thru-Hole 


Thru-Hole 
Thru-Hole 


Thru-Hole 


Thru-Hole 


Thru-Hole 


Surface Mount 


Thru-Hole 
Thru Hole 


PRODUCT SELECTOR GUIDE 


Yes 


Unsealed 
Yes 


Dust Cover 


Yes 


STANDARD 
RESISTANCE 
RANGE (OHMS) 


100 to 1 Meg 
500 to 500K 
10 to 2 Meg 


10 to 1 Meg 
10 to 2 Meg 


10 to 1 Meg 


10 to 2 Meg 


10 to 1 Meg 


10 to 1 Meg 


10 to 2 Meg 
20 to 2 Meg 


STANDARD 
RESISTANCE 
TOLERANCE 


+20% 


+30% 
+20% 


+20% 
+20% 


+10% 
(<100Q=+20%) 

+10% 
(<100Q=+20%) 


+10% 
(<1009=+20%) 


10% 
(<1000=+20%) 


+20% 
+10% 
(<1002=+20%) 


AVAILABLE* 
PACKAGING 


TR 


TR 
TR 
TB 


TR (24U Only) 
TB (25U, 25V Only) 
TR 
AP (25U, 25V Only) 
TB (62P, 62M Only) 


TB 
TR (72 RW Only) 
AP (72RW Only) 
TB 
TR (82W Only) 
(82W Only) 
83Y Only) 
83P Only) 


AP 
TB 
TR 


( 
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RJ2Z24, RJI2Z6 SERIES 
MIL-R-22097 Qualified 
Multi-Turn 

Cermet Trimming 


Potentiometers 


FEATURES/BENEFITS 


Teflon Rotor 
ISO 9000 Certified Factory 


RJ24 
RJ26 


Standard Resistance Range, Ohms 
Standard Resistance Tolerance 


NEW PRODUCT Distributor Item 


3/8" Square, Top or Side Adjustment 
1/4" Square, Top or Side Adjustment 


10 to 1Meg 
+10% 


Input Voltage, Maximum 
Slider Current, Maximum 
Power Rating, Watts 


End Resistance, Maximum 
Actual Electrical Travel, Turns, Nominal 


Dielectric Strength 


Insulation Resistance, Minimum 
Resolution 
Contact Resistance Variation, Maximum 


Specifications subject to change without notice. 
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200V dc or rms not to exceed power rating 
100mA or within rated power, whichever is less 
RJ24: 0.5 at 85°C derating to 0 at 150°C 
RJ26: 0.25 at 85°C derating to 0 at 150°C 


2 Ohms or 2% 


RJ24: 20 
RJ26: 11 
RJ24: 900V rms 
RJ26: 600V rms 


1,000 Megohms 
Essentially infinite 
3% or 3 Ohms, whichever is greater 


Model RJ24, RJ26 Series 


ENVIRONMENTAL (PER MIL-R-22097) 


Seal 85°C Fluorinent® (No Leaks) 
Temperature Coefficient, Maximum F = +100ppm/°C 
C = 250ppm/°C 

Operating Temperature Range —65°C to +150°C 
Thermal Shock 9 cycles, -65°C to +150°C (1% ARy, 1% AVR) 
MIL-STD-202, Method 107, Test Condition B 

Moisture Resistance Ten 24 hour cycles (1% AR;, IR 100 Megohms Min.) 
Method 106, 96 hours 

shock, 6ms Sawtooth 100G's (1% AR, 1% AVR) 
MIL-STD-202, Method 213, Test Condition | 

Vibration 20G's, 10 to 2,000 Hz (1% AR, 1% AVR) 
MIL-STD-202, Method 204, Test Condition D 

High Temperature Exposure 250 hours at 150°C (2% AR7, 2% AVR) 
Rotational Life 200 cycles (2% AR) 
Load Life at 0.5 Watts 1,000 hours at 85°C (2% AR) 
MIL-STD-202, Method 108, Test Condition D 

Resistance to Solder Heat 350°C for 3 sec. (1% ARz) 


Fluorinert® is a registered trademark of 3M Company. 


Mechanical Stops Clutch action, both ends 
Torque, Operating, Maximum RJ24: 5 0z.-in. (0.035 N-m) 
RJ26: 3 oz.-in. (0.021 N-m) 
Weight, Maximum RJ24: .04 oz. (1.3 grams) 
RJ26: .014 oz. (.6 grams) 


ORDERING INFORMATION 


Model RJ24: Model RJ26: 


RJ24 F W 103 TB RJ26 F W_ 103 
| Tr 7 


Series | | Packaging Option: 006s eae Resistance Code: 


| TB = Tubes Refer to Ohms/Code Chart, Pg. 4 
Tempco: Tempco: 
F = 100ppm/°C F = 100ppm/°C Pin Style: 
C = 250ppm/°C C = 250ppm/°C P, W or X 


Resistance Code: 
Refer to Ohms/Code Chart, Pg. 4 


Pin Style: 
P, Wor X 
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TOP ADJUSTMENT - RJ24FW 


.375+.015 
9.53+.38 


.195+.005 
4.95+.13 


Schematic Diagram _/ 


.062+.015 
This Surface ~458+.38 


Metal Adjustment Screw 


090.005 Diameter with 
2.29+.13 


Ba Minimum Wide x 


Standard Marking ———. | 025 sini eee 
This Surface \ —1 0.64 : 


.062+.015 


1.58+.38 


.015+.005 


Terminal Pins ——.» 
(3) Solderable 
.021+.003 

.53+.08 


.100 
2.94 


.187+.020 
4.75+.51 


.100+.015 


2.94+.38 


.050 


107 VP. 


Note: Model RJ24FW dimensions applicable to all RJ24 models except as noted. 


SIDE ADJUSTMENT - RJ24FP 


Standard Marking This Surface 


Schematic Diagram This Surface —— 


| 195.005 
[> 
4.95413 | 


Side View 
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SIDE ADJUSTMENT - RJ24FX 


3752015 
9.53+.38 


| 
.190+.005 
4,834.13 


Schematic Diagram 
This Surface 


Standard Marking 


.062+.015 This Surface 


=e 


.015+.005 
384.13 


180 Min, 


.187+.020 


4.75.51 


.100+.015 


2.94+.38 


.062+.015 
| 1,584.38 


.375+.015 
9.53+.38 


187+.020 | 
4,754.51 


100 (375+.015 
2.54 | | 9.53+.38 


‘ 


Bottom View 


Model RJ24, RJ26 Series 


TOP ADJUSTMENT - RJ26FW SIDE ADJUSTMENT - RJ26FX 


.050+.015 040+. Bscy 
7 1.27+.38 1.02+. 1,024.38 | 


.165+.020 a 
7M |e ™ =| 
.040+.015 4.19+.51 


1.02+.38 JS : 250.020 | 


Metal Adjustment Screw —_— .250+.020 - 6.35+.51 


070+.005 piameter with 6.35+.51 Standard Marking ——. 


1.78+.13 , a Standard Marking This Surface 


.020 Kibicrnen Wide YA This Surface ‘ 


oh = | 270+.020 


~ Minimum Deep Slot 1.02 250+.020 


6.35+.51 


a 


——_— Terminal Pins 
(3) Solderable 
.018+.002 .. 
—— Dia. 
.46+.05 


.040+.010 


10 02425 25 4 


: + 7 

Pa Schematic Diagram This Surface a ¢ | | sande 

Schematic Diagram This Surface ¢ .030+.010 more 
1 764.25 


16.25 


Note: Model RU26FW dimensions applicable to all RJ26 models except as noted. 


¢ .-— 


10; 1 1 
254{ | | || 100 
130+.010 fh 
i = 
3.30.25 | 9504 020 Z 
6.35451 


Bottom View 


Metric equivalents, based on 1 inch = 25.4mm mie ci 


and are provided for general information only. in 


IRD ANGLE 
PROJECTION 


Tolerances unless otherwise specified: -©- - 
Linear = + .005 inches (.13mm) A 


Angular = + 2 degrees 
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STANDARD RESISTANCE VALUES 


Ohms 10 20 50 100 200 500 1,000 2,000 5,000 10,000 20,000 25,000 50,000 100,000 250,000 500,000 1,000,000 


Code 100 200 500 101 201 501 102 202 502 103 203 253 503 104 204 504 105 


PACKAGING FOR MODEL RJ24 


Standard: Boxes 
Capacity, Units 


Option: Tubes 
All Units oriented with #1 pin to same side 


Pin Style X 
Magazine: Width 0.28" 
Height 0.93" 
Length 24.4 
Capacity, Units 100 


PACKAGING FOR MODEL RJ26 


Standard: Tubes 
All Units oriented with #1 pin to same side 


Pin Style P\W 
Magazine: Width 


Height 
Length 
Capacity, Units 
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MODEL 21 


4mm Surface Mount Chip 


Cermet Trimming 


Potentiometers 


Standard Resistance Range, Ohms 500 to 500K 
standard Resistance Tolerance +30% 
Input Voltage, Maximum 50 Vdc or rms not to exceed power rating 
Power Rating, Watts 0.1 at 70°C derating to 0 at 100°C 
End Resistance, Maximum 1% or 5 Ohms, whichever is greater 
Actual Electrical Travel, Nominal 200° 
Resolution Essentially infinite 
Contact Resistance Variation, Maximum 3% 
Temperature Coefficient, Maximum +250ppm/°C 
Operating Temperature Range —40°C to +100°C 
Thermal Shock 9 cycles, -40°C to +100°C (5% ART) 
Rotational Life 20 cycles (10% ART) 
Load Life at 0.1 Watts 1,000 hours at 70°C (15% ART) 
Resistance to Solder Heat 260°C for 5 sec. (2% ART) 
Humidity 40°C, 90 to 95% RH, 500 hours (5% ART) 
Temperature Exposure, Maximum 248°C, 3 Sec. 
Torque, Maximum 4 0z.-in. (300 gr-cm) 500 OK 10K 50K 200K 
Weight, Nominal .004 oz. (0.11 grams) 1K 5K 20K 100K 500K 


Specifications subject to change without notice. 
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02 + .008 


0.5+0.20 


W114 


.02 + .008 
~9.5+0.2 


sab Oboe} 
: .06 X 
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05 x 
095+ .002 08.004| | 
5.4020.05 609 ° 2020.1 


13 
3.4 
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Standard: Plastic Bags 
Capacity, Units = 200 
Option: | Embossed Tape 
All units oriented with terminal pads adjacent to sprocket holes 


Tape Width 12mm 
Sprocket = 4 mm Pitch 
Capacity, Units 750 

Reel Diameter 7” (178mm) 


ORDERING INFORMATION 


Standard: 21 X R 10K 


Model Series dt L Resistance Value 
Style Resistance Prefix 


21 X R 10K TR 


Packaging Option 
TR = Tape & Reel 


Models 21X and 21Z Model 21W English equivalents are based on 1 inch = 25.4mm sais 
and are provided for general information only. mm 


(2) 

= | Tolerances unless otherwise specified: © & 

AN AAA ADAADAADA)X 39 NE”ALAALDAIWIVIVP/ 2) Linear = + 0.3 mm (.01 in.) THIRD ANGLE 
PROJECTION 


>» CW » CW 
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MODEL 22 


3mm Single Turn 
Sealed Surface Mount 
Cermet Trimming 
Potentiometer 


Standard Resistance Range, Ohms 


Distributor Item 


100 to 1Meg 


Standard Resistance Tolerance 
Input Voltage, Maximum 


+20% 


200 Vdc or rms not to exceed power rating 


Power Rating, Watts 


0.125 at 70°C derating to 0 at 125°C 


End Resistance, Maximum 


1% or 3 Ohms, whichever is greater 


Actual Electrical Travel, Nominal 


220° 


Dielectric Strength 

Insulation Resistance, Minimum 
Resolution 

Contact Resistance Variation, Maximum 


ENVIRONMENTAL 


Seal 


500Vrms 

100 Megohms 

Essentially infinite 

3% or 3 Ohms, whichever is greater 


85°C Fluorinert® 


Temperature Coefficient, Maximum 
Operating Temperature Range 
Thermal Shock 

Moisture Resistance 


+100ppm/°C (<200 ohms = +250ppm/°C) 
—§5°C to +125°C 

5 cycles, -55°C to +125°C (2% AR, 1% AVR) 
Ten 24 hour cycles (3% AR 


Shock, 6ms Sawtooth 


Vibration 
High Temperature Exposure 


100G’s (1% AR, 1% AVR 
20G’s, 10 to 2,000 Hz (1% AR, 1% AVR 


Rotational Life 
Load Life at 0.25 Watts 


100 cycles (5% AR 


1,000 hours at 70°C (3% AR, 2% AVR 


Resistance to Solder Heat 


) 
) 
) 
250 hours at 125°C (2% AR, 2% AVR) 
) 
) 
) 


260°C for 5 sec. (1% ART, 2% AVR 


Solid 

1.3 oz.-in. (100 gr-cm) 
.65 02.-in. (50 gr-cm) 
.002 oz. (0.068 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


Mechanical Stops 

Stop Strength, Minimum 
Torque, Maximum 
Weight, Nominal 
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STANDARD RESISTANCE VALUES, OHMS 


1Meg 


1K 10K 
2K 20K 
OK 00K 


100K 
200K 
o00K 


Model 22 


MODEL 22A - J HOOK 


1016 ware xx-959 tong x :218 peen 
04 Wide X 15 Long X 04 Deep 


238 2 01, 
35° 0:3 


087 + 01 he 


Zot 03 | 


039 +_.006 
10+0.15 


RECOMMENDED PCB LAYOUT 


MODEL 22B - GULL WING 


016 Wide X 059 Long X 


0.4 1.5 0.4 


189 + 01 
48 - 0.3 


087 | 01 a 


01 033 ' 006 


~ 03 [ 0.85 + 0.15 


Model 22A 
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Model 22B 


Model 22 


Standard: Plastic Bags 
Capacity 100 Units 


Option: Embossed Tape 


All units oriented with #2 (slider) terminal pads adjacent to sprocket holes 


12 mm 

4 mm Pitch 
1,000 Units 
7” (178mm) 


Tape Width 
Sprocket 
Capacity 

Reel Diameter 


ORDERING INFORMATION 


22 A R 10K 


Standard: 
Model Series Resistance Value 


Pin Style Resistance Prefix 


22 A R 10K TR 


Packaging Option 
TR = Tape & Reel 


DIMENSIONS 
English equivalents are based on 1 inch = 25.4mm INCH 


and are provided for general information only. el 


Tolerances unless otherwise specified: -©- -E- 


Linear = + 0.3 mm (.01 in.) To ae 


55i technologies 1-17 Model 22 


CORPORATION 


553i technologies 1-18 


MODEL 23A, B, C, S 


4mm Square 
Sealed Single Turn 
Surface Mount 
Cermet Trimming 


Potentiometer 

i 
Standard Resistance Range, Ohms 100 to 2Meg 
Standard Resistance Tolerance | +20% 
Input Voltage, Maximum 200 Vde or rms not to exceed power rating 
Power Rating, Watts . 0.25 at 70°C derating to 0 at 125°C 
End Resistance, Maximum ; 1% or 3 Ohms, whichever is greater 
Actual Electrical Travel, Nominal 200° 
Dielectric Strength 900 Vrms 
Insulation Resistance, Minimum | 100 Megohms 
Resolution oe —  Eggentially infinite 
Contact Resistance Variation, Maximum 2% or 3 Ohms, whichever is greater 
Seal 85°C Fluorinert® (No Leaks) 
Temperature Coefficient, Maximum +100ppm/°C 

<200 Ohms, >1Meg = +250ppm/°C 

Operating Temperature Range ; —55°C to +125°C 
Thermal Shock 9 cycles, 55°C to +125°C (2% ART, 2% AVR) 
Moisture Resistance Ten 24 hour cycles (3% ART) 
Shock, 6ms Sawtooth 4 00G’s (1% ART, 1% AVR) 
Vibration . 20G’s, 10 to 2,000 Hz (1% ART, 1% AVR) 
High Temperature Exposure 250 hours at 125°C (2% ART, 2% AVR) 
Rotational Life | _— 400 cycles (5% ART) 
Load Life at 0.25 Watts : 1,000 hours at 70°C (3% ART, 1% AVR) 
Resistance to Solder Heat 260°C for 10 sec. (1% ART) 

Lee 
Mechanical Stops | | Solid 10K 100K {Meg 
stop Strength, Minimum 4 0z.-In. (300 gr-cm) 20K 200K 2Meg 
Torque, Maximum 2 0z.-in. (150 gr-cm) 50K 500K 
Weight, Nominal .005 oz. (0.14 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 
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Cc ie 4 


MODEL 23A - J HOOK 


es * 006 Solderable Terminals 
8 + 0.15 Typical 2 Places 


Solderable Terminal 
05 + .006 


12+ 015 "43 - 


Adjustment Sot 


024 102 
06 Wide x - as Long X = 


al a 
ag Max 


Coplanarity 


MODEL 23B - GULL WING 


03 + .006 Solderable Terminats 
0.8 + 0.15 Typical 2 Places 


i 


Solderable Terminal | 
#2 + 006 cs 


Adjustment Slot 


024 We 
68 Wide X 5 g Long xa 7 ae 4 Deep 


Coplanarity 


58 technologies 1-20 Model 23A, B, C, S 


CORPORATION 


MODEL 23S-SIDE ADJUSTMENT 


| 16 
——~ 4g | ~—«Solderable 


|.098 + 01 


Terminals 
Typical 2 Places 
O18 + .006 
O45 = 0.15 


Adjustment Slot ce = ae ee 
024 102 024 q: 6 - 0.15 
06 Wide X ' a6 long xa AG Deep 


MODEL 23C-THROUGH HOLE 


ie oe 


I+ 


ctl 


Typical 3 places 


NOTE: Bottom adjustment version available — consult factory. 


PCB LAYOUT 


ae E 


DIMENSIONS 
English equivalents are based on 1 inch = 25.4mm INCH 


and are provided for general information only. lh 


Tolerances unless otherwise specified: -© os 


Linear = + 0.3 mm (.01 inches) TNE 
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CORPORATION 


Standard: Plastic Bags 
Capacity, Units 


Option: Embossed Tape 
All units oriented with #2 (slider) terminal adjacent to sprocket holes 


A,B S 

12mm 12 mm 

4mm Pitch 4mm Pitch 
500 750 

7” (178mm) = 10” (254 mm) 


ORDERING INFORMATION | 


Standard: 


Tape Width 
Sprocket 
Capacity, Units 
Reel Diameter 


23 A R 10K TR 


Model Series Packaging Option: 
| TR=Tape & Reel 


Resistance Value 
Resistance Prefix 


Pin Style 


51 technologies 1-22 Model 23A, B, C, S 


CORPORATION 


MODEL 23G, GL & J 


4mm Square 
Sealed Single Turn 
Surface Mount 
Cermet Trimming 
Potentiometer 


FEATURES AND BENEFITS 


e Space saving SMD design for the most compact board designs 


Distributor Item 


e Sealed to withstand aggressive water wash 


e BI quality and reliability 


e Available in J-hook or gull wing termination 
e T-Cross slot 
e Ultra low profile 


standard Resistance Range, Ohms 
Standard Resistance Tolerance 


Input Voltage, Maximum 


10 to 2Meg 
+20% 
200 Vdc or rms not to exceed power rating 


Power Rating, Watts 


0.25 at 70°C derating to 0 at 125°C 


End Resistance, Maximum 
Actual Electrical Travel, Nominal 
Dielectric Strength 

Insulation Resistance, Minimum 


1% or 3 Ohms, whichever is greater 


210° 


Resolution 
Contact Resistance Variation, Maximum 


900 Vrms 

100 Megohms 

Essentially infinite 

2% or 3 Ohms, whichever is greater 


ENVIRONMENTAL 


Seal 


Temperature Coefficient, Maximum 


85°C Fluorinert® (No Leaks) 
+100ppm/°C 
<100 Ohms, >1Meg = +150ppm/°C 


Operating Temperature Range 


Thermal Shock 
Moisture Resistance 


-95°C to +125°C 


9 cycles, -95°C to +125°C (2% ART, 1% AVR) 


Ten cycles, 240 hours (3% ART 


Shock, 6ms Sawtooth 
Vibration 


100G’s (1% ART, 1% AVR 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


High Temperature Exposure 


Rotational Life 
Load Life at 0.25 Watts 


100 cycles (3% 
1,000 hours at 70°C (3% ART, 1% CVR 


Resistance to Solder Heat 


) 
) 
) 
250 hours at 125°C (2% ART, 2% AVR) 
/o) 
) 
) 


260°C for 10 sec. (1% ART 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


551 technologies 1-23 


CORPORATION 


Model 23G, GL, J 


MODEL 23G & GL 


Cover Removed In 
This View For Clarity 


Style GL 


.024 Wide X .096 Long , .022 Deep 
( .61 ) ( 2.44 ) (.56 ) 


ADJUSTMENT SLOT 


Recommended Solder Pad Layout 


Model 23 G .220 +.004 Model 23 GL 
(5.59 +.10 ) 


3 x .050 +.004 


(1.27 +.10) 
ey 1 
090 +.004 
p+] 4 


080 +.004 080 +.004 
( 2.03 +.10 ) a (2.29+.10 ) ( 2.03 +.10 ) (2.29+.10 ) 
t -_ f 
} 


2x .050 +.004 2 x .050 +.004 | | : 3 xX .095 +.004 
(1.27 4.10). (1.27 +.10) ( 2.41 +.10 ) 


i 


.090 +.004 


Mechanical Stops Solid 
Stop Strength, Minimum 4 0z.-in. (300 gr-cm) 
Torque, Maximum 2 0z.-in. (150 gr-cm) 
Weight, Nominal .005 oz. (0.07 grams) 
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CORPORATION 


Recommended Solder Pad Layout 


Model 23 J 187 4.004 
(3.99410 ) 


080 +.004 SQ : | 
(2.03 +10) aee | 


= 
090 +.004. 


(2.29 +.10 ) 
a 


2x.050+004 | | _| 2x 080+004 
(1.27 +.10) ~ (2.03 +10) 


STANDARD RESISTANCE VALUES, OHMS 


100 1K 10K 100K 1Meg 
200 2K 20K 200K 2Meg 


900 OK o0K 900K 


i technologies — 1-25 Model 23G, GL, J 


CORPORATION 


ORDERING INFORMATION 


Standard: 23 G R 10K XX * 


Model Series 7 Packaging Option 

T7 =7" Tape & Reel 
T13 = 13” Tape & Reel 
TB = Tubes 


Lead Style 


Resistance Prefix —_—_—— Resistance Value 


* Packaging option must be specified. 


Embossed Tape & Reel 
All units oriented with #2 (slider) terminal adjacent to sprocket hole. 


7" Reel 13" Reel 
Tape Width 472" (12mm) 472" (12mm) 
sprocket 157° (4mm) pitch 157" (4mm) pitch 
Capacity, Units 500 3,000 
Reel Diameter 7* (178 mm) 13" (330.2 mm) 


Anti-Static Tubes 
All units oriented with #1 pin to same side 


Magazine Capacity, Units 100 


DIMENSIONS 
INCH 


English equivalents are based on 1 inch = 25.4mm 
and are provided for general information only. mm 


Tolerances unless otherwise specified: & 


7 , THIRD ANGLE 
Linear = + .010 inches (.25 mm.) PROJECTION 
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MODEL 24 


4mm Diameter 
Single Turn 
Cermet Trimming 
Potentiometer 


standard Resistance Range, Ohms 


10 to 1Meg 


Standard Resistance Tolerance 


+20% (+10% available) 


Input Voltage, Maximum 


200 Vdc or rms not to exceed power rating 


Power Rating, Watts 


0.5 at 70°C derating to 0 at 125°C 


End Resistance, Maximum 


1% or 3 Ohms, whichever is greater 


Actual Electrical Travel, Nominal 


190° 


Dielectric Strength 

Insulation Resistance, Minimum 
Resolution 

Contact Resistance Variation, Maximum 


ENVIRONMENTAL 


Seal 
Temperature Coefficient, Maximum 
Operating Temperature Range 


5900Vrms 

1,000 Megohms 

Essentially infinite 

2% or 3 Ohms, whichever is greater 


85°C Fluorinert® 
+100ppm/°C (<200 ohms = +250ppm/°C) 
—55°C to +125°C 


Thermal Shock 
Moisture Resistance 
Shock, 6ms Sawtooth 
Vibration 


5 cycles, -55°C to +125°C (2% ART, 2% AVR) 
Ten 24 hour cycles (3% ART 

100G’s (2% ART, 1% AVR 

20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


High Temperature Exposure 
Rotational Life 


200 cycles (5% ART 


Load Life at 0.5 Watts 
Resistance to Solder Heat 


1,000 hours at 70°C (3% ART 
350°C for 3 sec. (1% ART 


) 
) 
) 
250 hours at 125°C (2% ART, 1% AVR) 
) 
) 
) 


Mechanical Stops Solid 
Stop Strength, Minimum 3 oz.-in. (200 gr-cm) 


Torque, Maximum 2 02z.-in. (150 gr-cm) 
Weight, Nominal 01 02.(0.2 grams 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 
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1-27 


STANDARD RESISTANCE VALUES, OHMS 


1K 10K 
2K 20K 
OK 90K 


100K 
200K 
900K 


1Meg 


Model 24 


TOP ADJUSTMENT 


Model 24W 


58 .5° 
Typical 
4 Places 


Solderable Terminal Leads 
Adjustment Slot fee Dia. 


0,5 Wide x 0.8 Deep Typical 3 Places 


Note: Model 24W dimensions applicable to all other models except as noted 


Model 24U 


Model 24S 


.24+.01 .26 +. ___.:20+.04 
6,0+0,3 +0, 5,0+1,0 
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CORPORATION 


Standard: Plastic Bags 


Capacity, Units 


Tape & Reel (24U only) 
All units oriented with #3 pin toward direction of feed 
Seat Plane to 
Centerline of 


Option: 


Sprocket Hole = 71” (18 mm) 

Tape Width = 18mm 
sprocket = Single Hole .50” spacing 
Capacity, Units = 1,000 

Reel Diameter = 14” (363 mm) 


ORDERING INFORMATION 


Standard: 


Model Series | —— Packaging Option: 
Pin Style | TR=Tape & Reel 


Resistance Value 
Resistance Prefix 


CIRCUIT DIAGRAM 


(2) English equivalents are based on 1 inch = 25.4mm DIMENSIONS 
and are provided for general information only. «NCH dg 


(1) CoA VAN AN AN AN AN ANU ANU ANU AN an?) (3) Tolerances unless otherwise specified: 


Linear = + 0.3 mm (.01 in.) 
———>>_— (W PROJECTION 


THIRD ANGLE 
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MODEL 25 
1/4” Square 
Single Turn 
Cermet Trimming 


Potentiometer 


standard Resistance Range, Ohms 
Standard Resistance Tolerance 


10 to 2Meg 


+20% (+10% available) 


Input Voltage, Maximum 


250 Vdc or rms not to exceed power rating 


Power Rating, Watts 


0.5 at 70°C derating to 0 at 125°C 


End Resistance, Maximum 


1% or 3 Ohms, whichever is greater 


Actual Electrical Travel, Nominal 


210° 


Dielectric Strength 


500Vrms 


Insulation Resistance, Minimum 


1,000 Megohms 


Resolution 


Essentially infinite 


Contact Resistance Variation, Maximum 


ENVIRONMENTAL 


Seal 
Temperature Coefficient, Maximum 


1% or 1 Ohm, whichever is greater 


85°C Fluorinert® (No Leaks) 


+100ppm/°C (<200 ohms = +250ppm/°C) 


Operating Temperature Range 


—59°C to +125°C 


Thermal Shock 


5 cycles, -55°C to +125°C (2% ART, 2% AVR) 


Moisture Resistance 


Ten 24 hour cycles (3% ART 


Shock, 6ms Sawtooth 


Vibration 


100G’s (1% ART, 1% AVR 


High Temperature Exposure 


250 hours at 125°C (2% ART, 2% AVR 


Rotational Life 
Load Life at 0.5 Watts 


Mechanical Stops Solid 
Stop Strength, Minimum 6 oz.-in. (500 gr-cm) 
Torque, Maximum 3 0z.-in. (200 gr-cm) 
Weight, Nominal .01 oz. (0.4 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


i technologies 


le 4 


100 cycles (5% ART 


) 
) 
20G’s,10 to 2,000 Hz (1% ART, 1% AVR) 
) 
) 
) 


1,000 hours at 70°C (3% ART, 3% AVR 


STANDARD RESISTANCE VALUES, OHMS 


10 
20 


90 


1-31 


100 1K 10K 
200 2K 20K 
900 OK SOK 


100K 
200K 
900K 


1Meg 
2Meg 


Model 25 


TOP ADJUSTMENT 


Model 25P 


Solderable Terminal Leads 
(Typical, 3 Places) 


Wide X93 Thick 


.02 + .004 
0.5+0,10 


~er00 Wide x a Deep Slot 


‘“—0,00 


Note: Model 25P dimensions applicable to all models except as noted 


Model 25W 


Model 25U 
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CORPORATION 


SIDE ADJUSTMENT 


258 25RS 
25X 25RX 258 25RS 
25V 25RV 25X 25RX 


bagel Se a 28 jay. 


7,0 


6,8+0,3 6,8+0,3 


Model 25S and 25RS 


Note: 

Models 25S and 25RS 
dimensions applicable 
to all side adjustment 
models except as noted. 


Model 25X and 25RX 


Model 25V and 25RV 25V 25RV 
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Standard: Plastic Bags 


Capacity, Units 


Option: Tubes (Available only for 25U and 25V) 
All units oriented with #1 pin to same side 
Pin Style U V 
Magazine Width 33” (8.4 mm) 31” (7.9 mm) 
Height 0.59” (15 mm) 0.71” (18 mm) 
Length 19.7” (500 mm) 19.7 (500 mm) 
Capacity Units 70 70 


Tape & Reel, Ammo Pack (Available only for 25U and 25V) 
All units oriented with #3 pin towards direction of feed 


Seat Plane to 
Centerline of 
Sprocket Hole 
Width 
sprocket 
Capacity, Units 
Diameter 14” (363 mm) 
Tape Fold te: 
Box 2.0” x 13.4” x 13.8” 

(50mm x 340mm x 350mm) 


ORDERING INFORMATION 


Standard: 25 PR 10K 


Model Series Le Resistance Value 
Pin Style Resistance Prefix 


25 U R 10K XX 


./1” (18 mm) 

18 mm 

Single Hole .50” spacing 
1,000 


Pin Style Packaging Options 
AP = Ammo Pack 
TR = Tape & Reel 
TB = Tubes 


English equivalents are based on 1 inch = 25.4mm ha 
and are provided for general information only. mm 


Tolerances unless otherwise specified: -©- -E}- 


Linear = + 0.3 mm (.01 in.) THIRD ANGLE 
PROJECTION 
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MODEL 44 

4mm Square Multi-Turn 
Surface Mount 

Cermet Trimming 


Potentiometer 


Standard Resistance Range, Ohms 


NEW PRODUCT 


Distributor Item 


10 to 2Meg 


Standard Resistance Tolerance 


+10% (<100 Ohms = +20%) 


Input Voltage, Maximum 


300 Vdc or rms not to exceed power rating 


Slider Current, Maximum 


100mA or within rated power, whichever is less 


Power Rating, Watts 
End Resistance, Maximum 


0.25 at 85°C derating to 0 at 150°C 


1% or 2 Ohms, whichever is greater 


Actual Electrical Travel, Turns, Nominal 
Dielectric Strength 


9 


Insulation Resistance, Minimum 


600Vrms 
1,000 Megohms 


Resolution 
Contact Resistance Variation, Maximum 


ENVIRONMENTAL 


Seal 
Temperature Coefficient, Maximum 


Essentially infinite 


1% or 3 Ohms, whichever is greater 


85°C Fluorinert® (No Leaks) 
+100ppm/°C (<100 Ohms = +250ppm/°C) 


Operating Temperature Range 
Thermal Shock 
Moisture Resistance 


—65°C to +150°C 
5 cycles, -65°C to +150°C (2% ART, 1% AVR) 
Ten 24 hour cycles (2% ART, IR 10 Megohms Min. 


Shock, 6ms Sawtooth 

Vibration 

Rotational Life 

Load Life at 0.25 Watts 
Resistance to Solder Heat 
Temperature Exposure, Maximum 


100G’s (1% ART, 1% AVR 


(1 
20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 
(3 


1,000 hours at 85°C (2% ART, 1% CRV 


260°C for 10 sec. (1% ART 
215°C for 3 min. (1% ART 


) 
200 cycles (3% ART, 1% CRV) 
) 


Solderability 


Mechanical Stops Clutch action, both ends 
Torque, Starting Maximum 3 0z.-in. (0.021 N-m) 
Weight, Nominal 01g 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 
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Cc ie 4 


Per MIL-STD-202, Method 208 


STANDARD RESISTANCE VALUES, OHMS 


1K 10K 90K 250K 
2K 20K 100K 500K 


OK 20K 200K 1Meg 
2Meg 


Model 44 


TOP ADJUSTMENT SIDE ADJUSTMENT 


Model 44W Model 44J 


008+.003 Solderable 


.203+.076 = Terminals 


008+. 003 x Solderable 


203+. 076  sreeminali 


63 


a 


.100 


2.54 


2.87 


Metal Adjustment —— 
Screw .056/1.42 Dia. 
with .020/.51 wide x 


.015/.38 deep slot 


Metal Adjustment <a) 
Screw .056/1.42 Dia. 
with .020/.51 wide x 

.015/.38 deep slot 


SOLDER PAD LAYOUT 


Model 44G 


4 051 4y 


990 | 4 130 


Model 44W 20 | cs, 
a oy 


3.05 


Metal Adjustment —— 
Screw .056/1.42 Dia. 
with .020/.51 wide x 

.015/.38 deep slot 


Model 44J 


: 2 
- 
.0082.003 ,. 


.203+.076 
Solderable 
Terminals 


Model 44G 
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CORPORATION 


FEATURES AND BENEFITS 


e Space saving SMD design for the most compact board designs 
e Sealed to withstand aggressive water wash 
e Long life - set and forget construction 


¢ BI quality and reliability 
e Available in top and side adjustment versions, J-Hook or gull wing termination 


Standard: Embossed Tape & Reel 
All units oriented with #1 pin to the right of the direction of feed 


— 13” Reel — —————— Tf Reel 
Pin Style G, J, W GéJ W 
Tape Width 16 mm 12 mm 16 mm 
Sprocket 4 mm Pitch 4 mm Pitch 4 mm Pitch 
Capacity 1,000 Units 900 Units 290 Units 
Reel Diameter 13” (330.2 mm) 7” (178 mm) 7” (178 mm) 


Anti-Static Tubes 
All units oriented with #1 pin to same side 


Magazine Capacity, Units 


Model Series | | Lo Packaging Option 


| | TB = Tubes 
Lead Style | T7 = 7' Tape & Reel 
Resistance Prefix | 113 = 13" Tape & Reel 


Resistance Value 


* Packaging option must be specified 


Metric equivalents, based on 1 inch = 25.4mm are 

rounded to the same number of significant figures ee 

as in the original English units and are provided for mm 

general information only. ©- 4. 


Tolerances unless otherwise specified: THIRD ANGLE 


Linear = + .012 inches (.30mm) PROJECTION 


Angular = + 2 degrees 
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CORPORATION 


MODEL 62 
1/4” Diameter 
Single Turn 


Cermet Trimming 


Potentiometer 

BL pce ction RRS ee lan) 
Standard Resistance Range, Ohms 10 to 1Meg 
Standard Resistance Tolerance +10% (<100 Ohms = +20%) 
Input Voltage, Maximum 200 Vdc or rms not to exceed power rating 
Slider Current, Maximum 100mA or within rated power, whichever is less 
Power Rating, Watts 0.5 at 70°C derating to 0 at 125°C 
End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Nominal 220° 
Dielectric Strength 600Vrms 
Insulation Resistance, Minimum 100 Megohms 
Resolution Essentially infinite 
Contact Resistance Variation, Maximum 1% or 1 Ohm, whichever is greater 
Seal 85°C Fluorinert® (No Leaks) 
Temperature Coefficient, Maximum +100ppm/°C 
Operating Temperature Range —55°C to +125°C 
Thermal Shock 5 cycles, -55°C to +125°C (1% ART, 1% AVR) 
Moisture Resistance Ten 24 hour cycles (1% ART, IR 100 Megohms Min.) 
shock, 6ms Sawtooth 100G’s (1% ART, 1% AVR) 
Vibration 20G’s, 10 to 2,000 Hz (1% ART, 1% AVR) 
High Temperature Exposure 290 hours at 125°C (2% ART, 2% AVR) 
Rotational Life 200 cycles (2% ART) 
Load Life at 0.5 Watts 1,000 hours at 70°C (2% ART) 
Resistance to Solder Heat 260°C for 10 sec. (1% ART) 

| 
Mechanical Stops solid 
Torque, Starting Maximum 3 0z.-in. (0.021 N-m) 
Weight, Nominal .02 0z. (0.50 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 
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TOP ADJUSTMENT 


Model 62P, 62PF 


Model No. Dim “A” 


.312+.06 
7.92+1.57 


07 Min. 


Standoff 3PLS. 


Standoff: 
Plastic 


Housing: Metal ELECTRIC ADJUSTMENT 
ousing: Meta < 
A10 + .005 LONG X 025 + .005 


Terminal Pins (3) TW = Wo Pe 
Solderable 2.794 + 0.127 0.635 + 0.127 


017 + 003 035 + .005 
0.432 + 0.076 9 WIDE X 5-339 -+ 9.127 OEEP SLOT 


Note: Model 62P dimensions applicable to all other models except as noted 


Model 62B 


10 


ae Min. 2.54 


Standoff 3PLS. Case: 
Plastic 


(3) 
400 + 003 5 
2540 + 0076 YP 


PC Board / 300 + .005 
Pattern 7620 + 0.127 150 + 030 


3810 £ 0.76 
O17 + 003 pj. 


eee ™ 024 Dia. Min. 3PLS. i 3 
3.810 + 0.127 060 = 8 = erable Pins (3) 


Model 62M 


Terminal Pins (3) 
So bl 
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Standard: Plastic Bags 
Capacity, Units 


Option: Tubes (62P and 62M only) 


All Units oriented with #1 pin to same side 


Magazine Width 
Height 
Length 
Capacity, Units 


ORDERING INFORMATION 


Standard: 62 PR 10K 


Model Series | | Le Resistance Value 


Pin Style Resistance Prefix 


62 P R 10K TB 


Pin Style Lo Packaging Option 
TB = Tubes 


Metric equivalents, based on 1 inch = 25.4mm are 

rounded to the same number of significant figures oe 
as in the original English units and are provided for 

general information only. 


Tolerances unless otherwise specified: THIRD ANGLE 
Linear = + .01 inches (.25mm) PROJECTION 
Angular = + 2 degrees 
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MODEL 64 
1/4” Square 
Multi-Turn 
Cermet Trimming 


Potentiometer 


Standard Resistance Range, Ohms 


10 to 1Meg 


Standard Resistance Tolerance 


+10% 


Input Voltage, Maximum 


200Vdc or rms not to exceed power rating 


Slider Current, Maximum 


100mA or within rated power, whichever is less 


Power Rating, Watts 


0.25 at 85°C derating to 0 at 150°C 


End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Turns, Nominal 15 
Dielectric Strength 900Vrms 


Insulation Resistance, Minimum 


1,000 Megohms 


Resolution 


Essentially infinite 


Contact Resistance Variation, Maximum 


1% or 1 Ohms, whichever is greater 


ENVIRONMENTAL 


Seal 


85°C Fluorinert® (No Leaks) 


Temperature Coefficient, Maximum 


+100ppm/°C 


Operating Temperature Range 


-65°C to +150°C 


Thermal Shock 
Moisture Resistance 


o cycles, -65°C to +150°C (1% ART, 1% AVR) 


Ten 24 hour cycles (1% ART, IR 1,000 Megohms Min. 


Shock, 6ms Sawtooth 
Vibration 
High Temperature Exposure 


100G’s (1% ART, 1% AVR 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


Rotational Life 


200 cycles (2% ART 


Load Life at 0.5 Watts 


Resistance to Solder Heat 


1,000 hours at 85°C (2% ART 


) 
) 
) 
250 hours at 125°C (2% ART, 2% AVR) 
) 
) 
) 


260°C for 10 sec. (1% ART 


Clutch action, both ends 
3 0z.-in. (0.021 N-m) 
014 oz. (.40 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


Mechanical Stops 
Torque, Starting Maximum 
Weight, Nominal 


553i technologies 


1e S 


1-43 


STANDARD RESISTANCE VALUES, OHMS 


10 ~=100 1K 10K 30K 200K 
900K 
1Meg 


20 = =200 2K 20K 100K 
90 = 500 OK 290K 200K 


Model 64 


TOP ADJUSTMENT 


Model 64W and 64Y 


oe 5 


. 165.020 
4.1920.51 


. 250% .020 
METAL ADJUSTMENT SCREW 6.3520.51 


070%.005 n14 with SLOT 


|. 7840.13 STANDARD MARKING 
.020 MIN. WIDE .020 MIN. DEEP | ON THIS SURFACE 


ae 
T 02 .270%.020 
6.8620.51 


0.51 * 0.5! 


| -172 MIN. 
.020 MIN Ty 


5] 
cn . TERMINAL PINS(3) 
SOLDERABLE 
$.018+. 002 


0.462.05 
Note: Model 64W dimentions applicable to all models except as noted 


Model 64W Model 64Y 


CIRCUIT DIAGRAM 


Metric equivalents, based on 1 inch = 25.4mm are DIMENSIONS 
rounded to the same number of significant figures INCH 


as in the original. English units and are provided for mm 


general information only. © 4 


Tolerances unless otherwise specified: THIRD ANGLE 


Linear = + .01 inches (.25mm) PROJECTION 


Angular = + 2 degrees 


5 technologies 1-44 Model 64 


CORPORATION 


SIDE ADJUSTMENT 


Model 64X and 64Z 


aoe MARK ING 
N THIS SURFACE 


Model 64Z Model 64X 


Model 64P 


. 1754%.020 : : . 2504 .020 
4.4520.5) 6.3540.51 


2940: 10 
1.02 7 . 


STANDARD MARKING | 2 2 
ON THIS SURFACE ELIT = 


55 technologies 1-45 Model 64 


Standard: Tubes 
All Units oriented with #1 pin to same side 


Pin Style P,W.Y es 

Magazine Width 0.38” (9.65 mm) 0.38” (9.65 mm) 
Height 0.62” (15.75mm) —‘(0.62” (15.75mm) 
Length 14.5” (368 mm) 16.9” (429 mm) 
Capacity Units 50 50 


Tape & Reel, Ammo Pack (Available only for 64Y and 642) 
All units oriented with #1 pin to the right of the direction of feed 


Seat Plane to 
Centerline of 
Sprocket Hole 
Width 
Sprocket 
Capacity, Units 
Diameter 

Tape Fold 

Box 


11” (18 mm) 

18 mm 

Single Hole .50” spacing 
1,000 

14” (363 mm) 

12” 

1.8” x 13” x 10” 

(46mm x 330mm x 254mm) 


ORDERING INFORMATION 


Standard: 


Model Series | Resistance Value 
Pin Style Resistance Prefix 


64 1 
Pin Style —————————— | Packaging Options 
Pin Style Suffix AP = Ammo Pack 
Use with TR & AP TR = Tape & Reel 
options only 


F R 10K XX 
| 
| 


535i technologies 1-46 Model 64 


CORPORATION 


MODEL 66 
3/8” Square 
Multi-Turn 


Cermet Trimming 


Potentiometer 


Standard Resistance Range, Ohms 
Standard Resistance Tolerance 
Input Voltage, Maximum 

Slider Current, Maximum 


10 to 2Meg 


+10% (<100 Ohms = = +20%) 

200 Vdc or rms not to exceed power rating 
100mA or within rated power, whichever is less 
Power Rating, Watts 0.5 at 70°C derating to 0 at 125°C 
End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Turns, Nominal | ; 20 
Dielectric Strength 4900 Vrms 
Insulation Resistance, Minimum ~ 1,000 Megohms 
Resolution Essentially infinite. 
Contact Resistance Variation, Maximum 1% or 1 Ohm, whichever is greater 


ENVIRONMENTAL 


Seal 
Temperature Coefficient, Maximum 


85°C Fluorinert® (No Leaks) 
+100ppm/°C 
—65°C to +150°C 


Operating Temperature Range 


Thermal Shock 


5 cycles, 65°C to +150°C (1% ART, 1% AVR) 


Moisture Resistance 
Shock, 6ms Sawtooth 
Vibration 


Ten 24 hour cycles (1% ART, IR 1,000 Megohms min. 


100G’s (1% ART, 1% AVR 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


High Temperature Exposure 


290 hours at 125°C (2% ART, 2% AVR 


Rotational Life 


200 cycles (3 % ART 


Load Life at 0.5 Watts 


Resistance to Solder Heat 


1,000 hours at 70°C (2% ART 


~ 260°C for 10 sec. (1% ART 


) 
) 
) 
) 
) 
) 
) 


Mechanical Stops Clutch Action, both ends 
Torque, Starting Maximum 9 02.-in. (0.035 N-m) 
Weight, Nominal .04 oz. (1.13 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


5 technologies 


Cc 1e 4 


1-47 


STANDARD RESISTANCE VALUES, OHMS 


Model 66 


SIDE ADJUSTMENT 


Model 66X 


SCHEMATIC DIAGRAM 
THIS SURFACE 


STANDARD MARKING THIS SURFACE 


062 + .015 
1.575 + 0.381 
i eee ee 


~— 


METAL ADJUSTMENT a 


-090 
2.29 DIA. WITH 015 +005 


.020 025 
~ WIDE X ~~ MIN. DEPTH 0.38 + 0.13 
0.51 0.64 = 


TERMINAL PINS 
(3) SOLDERABLE 


Metric equivalents, based on 1 inch = 25.4mm are 
rounded to the same number of significant figures ene 


INCH 
as in the original English units and are provided for : . 


mm 


general information only. © fF} 


Tolerances unless otherwise specified: TBD ANGLE 
Linear = + .01 inches (.25mm) 
Angular = + 2 degrees 


55 technologies 1-48 Model 66 


TOP ADJUSTMENT 


Model 66W 


20 
5.08 _ 


METAL ADJUSTMENT SCREW 


SCHEMATIC DIAGRAM 062 =. Spee = ay DIA. WITH 


THIS SURFACE 020 025 
a.51 WIDE X j‘eq- MIN. DEPTH 


015 = 005 
0.38 = 0.13 
7 


TERMINAL PINS ——- 
(3) SOLDERABLE 


_.021 + .003 
0.533 ~ 0.076 DA. 


Model 66P 
i 18 187 ~ 015 __ 


203 | 18 5 
5.156 MAK, none cy MIN. 4.750 + 0.381 


ie 
0.76 MAX. 062 + 015. 
MENISCUS 1575 ~ 0.381 ie salina 
(TYP) | 

| . 375 ~ 015 
9525 > 0.381 


7 SOLDERABLE 

: TERMINAL PINS (3) 
021 = .003 
Ue IA, 015 
0.533 . 0.076 0.381 


010 
FF!” MIN. 062 + . 
STANDOFF, 0-254 ; METAL ADJUSTMENT SCREW 
090 + .005/2.286 - 0.127 DIA. WITH 
020 + .005/0.508 ~ 0.127 WIDE X 
025 + .005/0.635 ~ 0.127 DEEP SLOT 


25 technologies 1-49 Model 66 


CORPORATION 


Standard: Boxes 


Capacity, Units 100 (66W) 
90 (All other styles) 


Option: Tubes 
All Units oriented with #1 pin to same side 


Pin Style P W X 
Magazine Width 0.57” 0.28" 0.28" 
Height 0.66” 0.93” 0.93” 
Length 20.9” 20.6” 24.4” 
Capacity Units 50 50 50 


Option: Tape & Reel, Ammo Pack (Available only for 66X and 66W) 
All units oriented with #1 pin to the right of the direction of feed 


Seat Plane to 
Centerline of 
Sprocket Hole 
Width 
Sprocket 
Capacity, Units 
Diameter 

Tape Fold 

Box 


/1" (18 mm) 


18 mm 

Single Hole .50” spacing 
1,000 

14” (363 mm) 

12” (305 mm) 

1.8” x 13” x 10” 

(46mm x 330mm x 254mm) 


ORDERING INFORMATION 


Standard: 


Model Series Resistance Value 


Pin Style Resistance Prefix 


66 WFR 10K XX 


Pin Style Packaging Option 
TB = Tubes 

Pin Style Suffix AP = Ammo Pack 

Use with TR & AP TR = Tape & Reel 

options only 


25 technologies 1-50 Model 66 


CORPORATION 


MODEL 67 
3/8” Square 
Multi-Turn 
Cermet Trimming 


Potentiometer 


standard Resistance Range, Ohms 


10 to 2Meg 


Standard Resistance Tolerance 
Input Voltage, Maximum 


+10% (<100 Ohms = +20%) 


200 Vdc or rms not to exceed power rating 


Slider Current, Maximum 


100mA or within rated power, whichever is less 


Power Rating, Watts 


0.5 at 85°C derating to 0 at 125°C. 


End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Turns, Nominal 20 
Dielectric Strength 900 Vrms 


Insulation Resistance, Minimum 


1,000 Megohms 


Resolution 


Essentially infinite 


Contact Resistance Variation, Maximum 


1% or 1 Ohm, whichever is greater 


ENVIRONMENTAL 


Seal 


85°C Fluorinert® (No Leaks) 


Temperature Coefficient, Maximum 


+100ppm/°C 


Temperature Range 


-§9°C to +125°C 


Thermal Shock 


9 cycles, —-55°C to +125°C (1% ART, 1% AVR) 


Moisture Resistance 


Ten 24 hour cycles (1% ART, IR 1,000 Megohms min. 


Shock, 6ms Sawtooth 


100G’s (1% ART, 1% AVR 


Vibration 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


High Temperature Exposure 


Rotational Life 


200 cycles (38% ART 


Load Life at 0.5 Watts 


1,000 hours at 70°C (2% ART 


Resistance to Solder Heat 


) 
) 
) 
250 hours at 125°C (2% ART, 2% AVR) 
) 
) 
) 


260°C for 10 sec. (1% ART 


Clutch Action, both ends 
Torque, Starting Maximum 9 0z.-in. (0.035 N-m) 
Weight, Nominal .04 oz. (1.13 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


Mechanical Stops 


51 technologies 


CORPORATION 


STANDARD RESISTANCE VALUES, OHMS 


OK 0K 500K 
10K 100K 1Meg 
2Meg 


20K 200K 
25K 200K 


Model 67 


SIDE ADJUSTMENT 


Model 67X and 67Z 


__|.375 + 015 
19.53 = 0.38) 


SCHEMATIC DIAGRAM 
THIS SURFACE 


062 + .015 


090 
5 09 DIA. WITH 


.020 
051 WIDE X a 


Model 67X Model 672 


062 + .015 
1.58 + 038 


187 = 015 
4.75 + 0.38 


CIRCUIT DIAGRAM 


Metric equivalents, based on 1 inch = 25.4mm are 
rounded to the same number of significant figures meen 


as in the original English units and are provided for - mm - 


general information only. © -€}- 


Tolerances unless otherwise specified: THIRD ANGLE 


PROJECTION 


Linear = + .01 inches (.25mm) 
Angular = + 2 degrees 


5 technologies 1-52 Model 67 


CORPORATION 


SIDE ADJUSTMENT 


Model 67P 


.187 + .015 


010 " 4.75 + 0.38 
STANDOFF, i 0.054 M 


021 + .003 DIA. 015 
0.53 + 0.08 
METAL ADJUSTMENT SCREW TERMINAL 


-090 
729 DIA. WITH PINS (3) 


wa WIDE x 723 025 2 MIN. DEPTH 


1524+ 0.38 


MENISCUS 
(TYP) 


Model 67W and 67Y 


SCHEMATIC DIAGRAM THIS SURFACE ear =< 015 | 
1582 0.387 


020 025 
051 WIDE X —— 0.64 MIN. DEEP SLOT 


STANDARD MARKING THIS SURFACE 


.060 + .015 


1.524 + 0.38 
015 = .005 


0382013 | 


(3) SOLDERABLE 
UL 021 + .003 om” 
(3) (2) (1) 0.53 + 0.076 


Model 67W Model 67Y 


187 +015 _| 


4.75 + 0.38 


5 technologies 1-53 Model 67 


CORPORATION 


Standard: Boxes 
Capacity, Units 


100 (67W) 
90 (All other styles) 


Tubes 
All Units oriented with #1 pin to same side 


Option: 


Pin Style P W,Y KZ 
Width 0.57” 0.28” 0.28” 
Height 0.66” 0.93” 0.93” 
Length 20.9” 20.6” 24.4” 
Capacity Units 50 50 50 


Magazine 


Tape & Reel, Ammo Pack (Available only for 67W and 67X) 
All units oriented with #1 pin to the right of the direction of feed 


Seat Plane to 
Centerline of 
Sprocket Hole 
Width 
sprocket 
Capacity, Units 
Diameter 

Tape Fold 

Box 


71” (18.03 mm) 

18 mm 

Single Hole .50” spacing 
1,000 

14” (363 mm) 

12” (305 mm) 

1a x13 X10" 

(46mm x 330mm x 254mm) 


ORDERING INFORMATION 


Standard: 


Model Series Resistance Value 


Pin Style 


Resistance Prefix 


67 WFR 10K XX 


Le Packaging Option 


TB = Tubes 
AP = Ammo Pack 
TR = Tape & Reel 


Pin Style 


Pin Style Suffix 
Use with TR & AP 
Options Only 


5 technologies 


CORPORATION 


Model 67 


MODEL 68 
3/8” Square 
Multi-Turn 
Cermet Trimming 


Potentiometer 


standard Resistance Range, Ohms 
standard Resistance Tolerance 
Input Voltage, Maximum 


10 to 2Meg 


+10% (<100 Ohms = +20%) 


200 Vdc or rms not to exceed power rating 


Slider Current, Maximum 


100mA or within rated power, whichever is less 


Power Rating, Watts 


0.5 at 85°C derating to 0 at 125°C 


End Resistance, Maximum 


2 Ohms 


Actual Electrical Travel, Turns, Nominal 


20 


Dielectric Strength 
Insulation Resistance, Minimum 
Resolution 


900 Vrms 


1,000 Megohms 


Essentially infinite 


Contact Resistance Variation, Maximum 


1% or 1 Ohm, whichever is greater 


ENVIRONMENTAL 


Seal 
Temperature Coefficient, Maximum 


89°C Fluorinert® (No Leaks) 


+100ppm/°C_ 


Temperature Range 
Thermal Shock 


-99°C to +125°C 
9 cycles, -55°C to +125°C (1% ART, 1% AVR 


Moisture Resistance 


Ten 24 hour cycles (1% ART, IR 1,000 Megohms min. 


Shock, 6ms Sawtooth 


100G’s (1% ART, 1% AVR 


Vibration 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


High Temperature Exposure 
Rotational Life 


200 cycles (3% ART 


Load Life at 0.5 Watts 
Resistance to Solder Heat 


Clutch Action, both ends 
Torque, Starting Maximum 9 0z.-in. (0.035 N-m) 
Weight, Nominal .04 oz. (1.13 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


Mechanical Stops 


i technologies 


CORPORATION 


1,000 hours at 70°C (2% ART 


) 
) 
) 
) 
250 hours at 125°C (2% ART, 2% AVR) 
) 
) 
) 


260°C for 10 sec. (1% ART 


STANDARD RESISTANCE VALUES, OHMS 


0K 900K 
100K 1Meg 


200K 2Meg 
290K 


Model 68 


SIDE ADJUSTMENT 


Model 68X 


METAL ADJUSTMENT SCREW Ss 
090/2.29 DIA WITH SCHEMATIC DIAGRAM THIS SURFACE 
020/0.51 WIDE X 


025/0.64 DEEP SLOT 


STANDARD MARKING THIS SURFACE 


060 + 015 | 
1.524 + 0.38 


187 + 015 


4.75 + 0.38 


Metric equivalents, based on 1 inch = 25.4mm are DIMENSIONS 

rounded to the same number of significant figures INCH 

as in the original English units and are provided for mm 

general information only. © 4. 

Tolerances unless otherwise specified: THIRD ANGLE 
Linear = + .01 inches (.25mm) ilo 


Angular = + 2 degrees 


5 technologies 1-56 


CORPORATION 


Model 68 


SIDE ADJUSTMENT 


Model 68P 


STANDOFF, 215 * 002 yyy, -187 = 015 
SCHEMATIC DIAGRAM THIS SURFACE——~ 


0.38 + 0.05 4.75 + 0.38 


METAL ADJUSTMENT SCREW 
090/2.29 DIA. WITH 
020/0.51 WIDE X 

025/0.64 DEEP SLOT 


ET OS, Oe RENE, een 


, STANDARD MARKING THIS SURFACE 


ee 


2 | 
060+ 015 ~~ 
1.524 + 0.38 0 


TOP ADJUSTMENT 


Model 68W 


t 


245 ~ 
6 7p MAX. 


SCHEMATIC DIAGRAM THIS SURFACE METAL ADJUSTMENT SCREW 


.090/2.29 DIA. WITH 
.020/0.51 WIDE X 


.025/0.64 DEEP SLOT 
062 + .015 


1.58 + 0.38 


STANDARD MARKING 
THIS SURFACE 


.020 + .003 
0.51 + 0.08 DIA. 
TERMINAL 

PINS (3) 


187 + 015 
4.75 + 0.38 


5 technologies 1-57 


Model 68 


Standard: Boxes 


Capacity, Units 100 (68W) 
50 (All other styles) 


Option: Tubes 
All Units oriented with #1 pin to same side 


Pin Style P W 
Magazine Width Ta 0.33” 
Height 0.66” 0.90” 
Length 20.9” 20.4” 
Capacity Units 50 50 


Tape & Reel, Ammo Pack (Available only for 68W and 68X) 
All units oriented with #1 pin to the right of the direction of feed 


Seat Plane to 
Centerline of 
Sprocket Hole 
Width 
Sprocket 
Capacity, Units 
Diameter 

Tape Fold 

Box 


71” (18.03 mm) 

18 mm 

Single Hole .50” spacing 
1,000 

14” (356 mm) 

12” (305 mm) 

1.8” x 13” x 10” 

(46mm x 330mm x 254mm) 


ORDERING INFORMATION 


Standard: 


Model Series Resistance Value 


Pin Style Resistance Prefix 


68 W R 10K TB 


Pin Style | Packaging Option 
TB = Tubes 


553i technologies 1-58 Model 68 


ORPORATION 


MODEL 72 
3/8” Square 
Single Turn 
Cermet Trimming 


Potentiometer 


Standard Resistance Range, Ohms 


10 to 2Meg 


Standard Resistance Tolerance 


+10% (<100 Ohms = +20%) 


Input Voltage, Maximum 


Slider Current, Maximum 


200 Vdc or rms not to exceed power rating 
100mA or within rated power, whichever is less 


Power Rating, Watts 
End Resistance, Maximum 


0.5 at 85°C derating to 0 at 125°C 


2 Ohms 


Actual Electrical Travel, Nominal 
Dielectric Strength 

Insulation Resistance, Minimum 
Resolution 


244° 


900 Vrms 


Contact Resistance Variation, Maximum 


ENVIRONMENTAL 


Seal 
Temperature Coefficient, Maximum 
Operating Temperature Range 


1,000 Megohms 
Essentially infinite 
1% or 1 Ohm, whichever is greater 


85°C Fluorinert® (No Leaks) 


+100ppm/°C 


—55°C to +125°C 


Thermal Shock 


5 cycles, -55°C to +125°C (1% ART, 1% AVR) 


Moisture Resistance 
Shock, 6ms Sawtooth 
Vibration 

High Temperature Exposure 


Ten 24 hour cycles (1% ART, IR 100 Megohms Min. 


100G’s (1% ART, 1% AVR 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


Rotational Life 


200 cycles (3% ART 


Load Life at 0.5 Watts 
Resistance to Solder Heat 


Mechanical Stops Solid 
Torque, Starting Maximum 3 0z.-in. (0.021 N-m) 
Weight, Nominal .025 oz. (0.70 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


i technologies 1-59 


Cc ie TION 


1,000 hours at 70°C (2% ART 


) 
) 
) 
250 hours at 125°C (2% ART, 2% AVR) 
) 
) 
) 


260°C for 10 sec. (1% ART 


STANDARD RESISTANCE VALUES, OHMS 


Model 72 


TOP ADJUSTMENT 


Model 72P 


Model No., Resistance Value and Electrical Adjustment 
Date Code marked on side 13+ .005/3.3+ .13 Long x 


187+ .015 021+ .003/.53+.08 .03+ .003/.76+ .08 Wide x 


100+ 010\ Solderable Terminals 


4.75+ .38 .038+ .005/.96+ .13 Deep 


3/5 .015 
9.53+.38 
Standoffs 
.187+.015 | | 100 -100* .010 015+. 206+ .015 
4.75+.38 “252.3. -38+.05 523+ 38 
100+ .010 180 Mio 187+ .015 
2523 ~_1.375+.015 375+ .015 4.75+.38 
9.53+.38 


Note: Model 72P dimensions applicable to all other models except as noted 


Model 72PL Model 72PM 


T “323 3 187+.015 
100+ .010 4.75+ 38 
25+3 | 
187+.015 _ 


100+ .010 “2.5.3 


2.52.3 aussi 5=.3 200.010 
4.75.38 | 5143 


Model 72PX, 72RPX Model 72RP 


015+ .010 .100+.010 
T —.38+.3 2.5+.3 


.187+.015 


150+ .010 
3.8+.3 


187+ .015 .100+.010 
4.75+ 38 2.54.3 


Model 72RPX - Terminals 1 and 3 are reversed 


5i technologies 1-60 Model 72 


CORPORATION 


SIDE ADJUSTMENT 


Model 72X, 72RX Model 72XL, 72RXL, 72RW 


.017+.003 " 
43.08 ae 


il Standoffs Standoffs 
| hes O10 100.010 
255.9 


100+ .010 010 : 
4. ‘4.75.38 38 4.75 + 38 


nT ie WW su. TEA a. 
100.010 J 1272.38 72XL, 72RXL F568 38 It “Na : es oe 


Nicilel TR Terminale ¢-and 3 are reversed Model 72RXL and 72RW - Terminals 1 and 3 are reversed 


ADJUSTMENT KNOB OPTION 


Available options: 
72XT- Side Adjustment 
(See 72X for Pin Configuration) 


72PT- Top Adjustment 
(See 72P for Pin Configuration) 


Model 72XW, 72RXW 


_ 017+ .003 
sj] _t .43+.08 
T  Standoffs 


gle _|__-150+ .010 
150+.010 | | 3.02.3 
~3.8+.3 | |__| -187+.015 
475+ .38 


1 440.015 
3.56+ .38 


~ Adjustment Knob Slot 
.220+ .005/5.59+ .13 Long x 


Model 72RXW - Terminals 1 and 3 are reversed wat 
330+ .01 .040+ .005/1.02+ .13 Wide x 


CIRCUIT DIAGRAM 


"8382.13 Pt 045 005/1.14= 13 Deep 


y 4 
.410+ .02 
10.41.51 


peat 


72PT Shown - Dimensions applicable to 72XT 


Metric equivalents, based on 1 inch = 25.4mm are 
rounded to the same number of significant figures 
as in the original English units and are provided for SCO 
general information only. 


DIMENSIONS 
INCH 


Tolerances unless otherwise specified: 
Linear = + .01 inches (.25mm) 
Angular = + 2 degrees 


51 technologies 1-61 Model 72 


CORPORATION 


Standard: Plastic Bags 
Capacity, Units 100 


Option: Tubes 
All Units oriented with #1 pin to same side 


Pin Style X,XL,XW,RW 
Magazine Width 

Height 

Length 

Capacity Units 


Tape & Reel, Ammo Pack (Available only for 72RW only) 
All units oriented with #1 pin to the right of the direction of feed 


Seat Plane to 
Centerline of 
Sprocket Hole 
Width 
sprocket 
Capacity, Units 
Diameter 

Tape Fold 

Box 


71” (18.03 mm) 

18 mm 

Single Hole .50” spacing 

1,000 

14” (356mm) 

12” (305mm) 

1.8" x 13” x 10” (46mm x 330mm x 254mm) 


ORDERING INFORMATION 


Standard: 
Model Series Resistance Value 
Pin Style Resistance Prefix 


Options: 72 P R 10K TB 


Pin Style Packaging Option 
TB = Tubes 


72 RW F R 10K XX 


Pin Style i] | Le Packaging Options 


Pin Style Suffix TB = Tubes 


Use with TR & AP AP = Ammo Pack 
options only TR = Tape & Reel 


5 technologies 1-62 Model 72 


CORPORATION 


MODEL 78 
1-1/4” Rectangular 
Multi-Turn 


Cermet Trimming 


Potentiometer 


Standard Resistance Range, Ohms 10 to 2Meg 
Standard Resistance Tolerance +10% (<100 Ohms = +20%) 
Input Voltage, Maximum 300 Vdc or rms not to exceed power rating 
Slider Current, Maximum 100mA or within rated power, whichever is less 
Power Rating, Watts 1.0 at 70°C derating to 0 at 125°C 
End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Turns, Nominal as 
Dielectric Strength 500 Vrms 
Insulation Resistance, Minimum 1,000 Megohms 
Resolution Essentially infinite 
Contact Resistance Variation, Maximum 1% or 1 Ohm, whichever is greater 
Seal 85°C Fluorinert® (No Leaks) 
Temperature Coefficient, Maximum +100ppm/°C 
Operating Temperature Range —55°C to +125°C 
Thermal Shock 9 cycles, -95°C to +125°C (1% ART, 1% AVR) 
Moisture Resistance Ten 24 hour cycles (1% ART, IR 1,000 Megohms Min.) 
shock, 6ms Sawtooth 100G’s (1% ART, 1% AVR) 
Vibration 20G’s, 10 to 2,000 Hz (1% ART, 1% AVR) 
High Temperature Exposure ; 250 hours at 125°C (2% ART, 2% 2% AVR) 
Rotational! Life 200 cycles (3 3% A ART). 
Load Life at 0.5 Watts | 1,000 hours at 70°C (2% ART) 
Resistance to Solder Heat 260°C for 10 sec. (1% ART) 
a 


Mechanical Stops Clutch Action, both ends 
Torque, Starting Maximum 902.-in. (0.035 N-m) 
Weight, Nominal .09 02. (2.5 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


55 technologies 1-63 Model 78 


Cc ie S 


SIDE ADJUSTMENT 


Model 78P 


HOUSING CIRCUIT DIAGRAM 
MOLDED PLASTIC MARKED ON THIS SURFACE 


METAL 
ADJUSTMENT SCREW 
110/2.794 + 0.127 DIA. WITH .025/0.635 
+ 0.127 WIDE x .031/0.787 + 0.127 DEEP SLOT 
MODEL NO. & RESISTANCE 
VALUE MARKED foe 
ON THIS SURFACE -— Ae 
1.000 + .005 
25.400 + 0.127 


015 + 00S 3 TERMINAL PINS 
0.127+0.076 117 | 4 Sounenaau 
: | fee = te nik. 
: : 00 = 03 ff 0.711 + 0.076 
2 MOUNTING HOLES ; | 70 0.76 H 1.076 
093 + 005 », ! | 
2.362 ~ 0.127 


2) — 8) 


Note: Model 78P dimensions applicable to all other models except as noted 


Model 78S 


_187_ «031 
4750 + 0,787 


3 TERMINAL LUGS 
SOLDERABLE 


0711 — 0,075 DA 


ei. San, J a 30 - 02 
(3 PLACES) 


"17.78. 0.51 — a i 


Model 78L 


.062/1,575 MAX. 
MENISCUS 


Standard: Boxes 


Capacity 29 Units 
3 ELECTRICAL LEADS - 6/152 MIN. LENGTH 
NO. 30 AWG TEFLON INSULATED STRANDED WIRE 


YELLOW (1) 
RED (2) 
GREEN (3) 
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Model 78 


PANEL MOUNT ADAPTER 


Model 56BW (Adapter Only) Model 78LBW (Adapter Pre-Assembled with Trimmer) 


METAL BUSHING MOUNT 
BRASS-NICKEL PLATED +7 MOUNTING SURFACE 


“125 + 005 
1175 = 0,127 DIA. HOLE 


USE .22/5.613 DIA. MIN. MOUNTING HOLE . 12-28 UNF-2A THREAD 


Lock Washer, Panel Nut. Sealing Washer 
& Mounting Screws Provided 


\ 12-28 UNF-2A THREAD 


_ _-s44 = .031 
8,738 + 0,787 


ORDERING INFORMATION 


Model Series Resistance Value 


Pin Style Resistance Prefix 


Optional Panel 
Mount Adapter 


Note: Use ‘56BW’ to order panel mount adapter without trimmer 


CIRCUIT DIAGRAM 


Metric equivalents, based on 1 inch = 25.4mm are 


rounded to the same number of significant figures oe 
as in the original English units and are provided for ————_ an 


general information only. © 


Tolerances unless otherwise specified: THIRD ANGLE 
Linear = + .01 inches (.25mm) PROJECTION 
Angular = + 2 degrees 


5 technologies 1-65 Model 78 
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25 technologies 1-66 


CORPORATION 


MODEL 82 
1/4” Diameter 
Single Turn 
Cermet Trimming 


Potentiometer 


Standard Resistance Range, Ohms 


10 to 1Meg 


Standard Resistance Tolerance 


+10% (<100 Ohms = +20%) 


Input Voltage, Maximum 


200 Vdc or rms not to exceed power rating 


Slider Current, Maximum 


100mA or within rated power, whichever is less 


Power Rating, Watts 


0.5 at 70°C derating to 0 at 125°C 


End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Nominal 220° 
Dielectric Strength 600 Vrms 
Insulation Resistance, Minimum 1,000 Megohms 
Resolution Essentially infinite 


Contact Resistance Variation, Maximum 


ENVIRONMENTAL 


Seal 
Temperature Coefficient, Maximum 
Operating Temperature Range 


1% or 1 Ohm, whichever is greater 


85°C Fluorinert® (No Leaks) 
+100ppm/°C 


-59°C to +125°C 


Thermal Shock 


5 cycles, -55°C to +125°C (1% ART, 1%AVR) 


Moisture Resistance 
Shock, 6ms Sawtooth 
Vibration 


Ten 24 hour cycles (1% ART, IR 100 Megohms Min. 


100G’s (1% ART, 1% AVR 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


High Temperature Exposure 


Rotational Life 


200 cycles (38% ART 


Load Life at 0.5 Watts 
Resistance to Solder Heat 


Mechanical Stops Solid 
Torque, Starting Maximum 3 0z.-in. (0.021 N-m) 
Weight, Nominal .02 0z. (0.50 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 
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1,000 hours at 70°C (2% ART 


) 
) 
) 
250 hours at 125°C (2% ART, 2% AVR ) 
) 
) 
) 


260°C for 10 sec. (1% ART 


STANDARD RESISTANCE VALUES, OHMS 


10 100 1K 10K 90K 290K 
20 200 2K 20K 100K 900K 


90 900 OK 29K 200K 1Meg 


Model 82 


TOP ADJUSTMENT 


Model 82P, 82PF 


| 
Housing Metal 110 + .005 025 + .005 
: 2.7944 0.127 LONG X 9 G35 F 0127 


035 + 005 
035 + 005_ peep siot 
Terminal Pins (3) WIDEX 9 389 + 0.127 
oe 
0.432 + 0076 


Note: Model 82P dimensions applicable to all models except as noted 


Model 82M 


Model 82W 


Modet No. and Resistance 
Value Marked on this Surface 


25 technologies 1-68 Model 82 


Standard: Plastic Bags 
Capacity, Units 


30 (82PA, 82PF) 


100 (All other styles) 


Tubes 
All Units oriented with #1 pin to same side 


Option: 


Pin Style 
Width 

Height 

Length 
Capacity, Units 


Magazine 


Tape & Reel, Ammo Pack (Available for 82W Only) 


P.M,W 
0.34" 
0.65" 

a Bo 
100 


All units oriented with #1 pin to the right of the direction of feed 


Seat Plane to 
Centerline of 
sprocket Hole 
Width 
Sprocket 
Capacity, Units 
Diameter 

Tape Fold 

Box 


ORDERING INFORMATION 


Standard: 


18 mm 


1,000 


82 1 


+ 
| 


P 
Model Series 


| 


71” (18.03 mm) 
Single Hole .50” spacing 
14” (356 mm) 


12” (305 mm) 
1.5” x 13” x 10” 


OK 
| 
.______— Resjstance Value 


Pin Style 


82 W 
J 


Pin Style sae | 
Pin Style Suffix —————_______ 


Use with TR & AP 
Options Only 


CIRCUIT DIAGRAM 
(2) aa 


eA AN AN AN AN AN AN AN AN ANA 


> CW 


F 
| 
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1-69 


Resistance Prefix 


R 10K XX 
a7 


— Packaging Option 
TB = Tubes 
AP = Ammo Pack 
TR = Tape & Reel 


Metric equivalents, based on 1 inch = 25.4mm are 

rounded to the same number of significant figures 

as in the original English units and are provided for 
general information only. 


DIMENSIONS 


INCH 


mm 
THIRD ANGLE 
PROJECTION 


< 


Tolerances unless otherwise specified: 
Linear = + .01 inches (.25mm) 
Angular = + 2 degrees 


Model 82 


i technologies 1-70 


MODEL 83 
1/4” Single Turn 
Surface Mount 
Cermet Trimming 


Potentiometer 


Standard Resistance Range, Ohms 


10 to 1Meg 


Standard Resistance Tolerance 


+10%(<100 Ohms = +20%) 


Input Voltage, Maximum 


200 Vdc or rms not to exceed power rating 


Slider Current, Maximum 


100mA or within rated power, whichever is less 


Power Rating, Watts 


0.5 at 70°C derating to 0 at 150°C 


End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Nominal 22)” 
Dielectric Strength 400 Vrms 


Insulation Resistance, Minimum 


100 Megohms 


Resolution 


Essentially infinite 


Contact Resistance Variation, Maximum 


1% or 1 Ohms, whichever is greater 


ENVIRONMENTAL 


Seal 


85°C Fluorinert® (No Leaks) 


Temperature Coefficient, Maximum 


+100ppm/°C 


Operating Temperature Range 


po GI0+izo & 


Thermal Shock 


5 cycles, — 59°C to +125°C (1% ART, 1% AVR) 


Moisture Resistance 


Ten 24 hour cycles (1% ART, IR 1,000 Megohms Min. 


Shock, 6ms Sawtooth 
Vibration 


100G’s (1% ART, 1% AVR 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


High Temperature Exposure 


250 hours at 125°C (2% ART, 2% AVR 


Rotational Life 


Load Life at 0.5 Watts 


1,000 hours at 70°C (2% ART 


Resistance to Solder Heat 


) 
) 
200 cycles (3% ART) 
) 
) 
) 


( 
( 
350°C for 3 sec. (1% ART 
260°C for 10 sec. (1% ART 
215°C for 120 sec. (1% ART 


Mechanical Stops Solid 
Torque, Starting Maximum 3 0z.-in. (0.021 N-m) 
Weight, Nominal .03 02. (0.85 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


5 technologies 


CORPORATION 


STANDARD RESISTANCE VALUES, OHMS 


10 100 1K 10K 00K 250K 
20 200 2K 20K 100K 


o00K 


00 900 OK 20K 200K 1Meg 


Model 83 


Standard: Plastic Bags 
Capacity, Units 


Option: Tubes (83Y only) 
All units oriented with #1 pin to same side 


Magazine: Width 
Height 
Length 
Capacity, Units 


Embossed Tape & Reel (83P only) 


0.30” 
0.35” 
19.1” 
90 


All units oriented with #1 pin to the right of the direction of feed 


Tape: Width 
Sprocket 


16 mm 
4 mm pitch 


Capacity, Units 1,000 


Reel: Diameter 


ORDERING INFORMATION 


14” (356 mm) 


Standard: 83 P R 10K 


Model defi Le 
Pin Style 


Special Options: 


Resistance Value 


Resistance Prefix 


83 P R 10K XX 


Pin Style 


Packaging Option 
TB = Tubes (83Y "aye 
TR = Tape A Reel (83P only) 


55 technologies 1-72 Model 83 


CORPORATION 


TOP ADJUSTMENT SIDE ADJUSTMENT 


Model 83P Model 83Y 


ELECTRICAL ADJUSTMENT 015 


ct 


.110 + .005 LONG X 0.38 


2.79 + 0.13 


025 + .005 wing x 


0.64 + 0.13 
035 + .005 pgp SLOT 
0.89 + 0.13 


I+ Jl+ t+ |lt+ | 


STANDARD MARKING THIS SURFACE 
\ METAL HOUSING 


PLASTIC CASE 


ELECTRICAL ADJUSTMENT 
2.79 + 0.13 
0.64 + 0.13 


035 = .005 pgEp sLoT 
0.89 + 0.13 


(3) (2) (1) 
.060 
aap (YP) 


METAL HOUSING 


017 + .003 
0.43 + 0.08 sic 
TERMINAL PINS 
(3) SOLDERABLE 
017 + .003 
0.43 + 0.08 


DIA. SOLDERABLE 
LEAD (3) 


Metric equivalents, based on 1 inch = 25.4mm are 
rounded to the same number of significant figures eee 
as in the original English units and are provided for mm 


general information only. -©- <q 


Tolerances unless otherwise specified: THIRD ANGLE 


Linear = + .01 inches (.25mm) PROJECTION 


Angular = + 2 degrees 
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CORPORATION 


51 technologies 1-74 


MODEL 84 
1/4” Square 
Multi-Turn 
Surface Mount 
Cermet Trimming 


Distributor Item 


Potentiometer 
Standard Resistance Range, Ohms 10 to 1Meg 
Standard Resistance Tolerance +10% 


Input Voltage, Maximum 


Slider Current, Maximum 


200 Vdc or rms not to exceed power rating 
100mA or within rated power, whichever is less 


Power Rating, Watts 


0.25 at 85°C derating to 0 at 150°C 


End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Turns, Nominal 15 
Dielectric Strength 900 Vrms 


Insulation Resistance, Minimum 


1,000 Megohms 


Resolution 


Essentially infinite 


Contact Resistance Variation, Maximum 


1% or 1 Ohms, whichever is greater 


ENVIRONMENTAL 


Seal 


85°C Fluorinert® (No Leaks) 


Temperature Coefficient, Maximum 


+100ppm/°C (<100 Ohms = +250ppm/°C) 


Operating Temperature Range 


-65°C to +150°C 


Thermal Shock 


9 cycles, -65°C to +150°C (1% ART, 1% AVR) 


Moisture Resistance 
Shock, 6ms Sawtooth 


Ten 24 hour cycles (1% ART, IR 100 Megohms Min. 
100G’s (1% ART, 1% AVR 


Vibration 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


High Temperature Exposure 


Rotational Life 


200 cycles (3% ART 


Load Life at 0.5 Watts 
Resistance to Solder Heat 


1,000 hours at 85°C (2% ART 


260°C for 10 sec. (1% ART 


Temperature Exposure, Maximum 


) 
) 
) 
250 hours at 150°C (2% ART, 2% AVR) 
) 
) 
) 
) 


( 
215°C for 3 min. (1% ART 


Clutch action, both ends 
3 0z.-in. (0.021 N-m) 
.014 oz. (.40 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 


Mechanical Stops 
Torque, Starting Maximum 
Weight, Nominal 
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1-75 


STANDARD RESISTANCE VALUES, OHMS 


10 100 1K 10K o0K 
20 200 2K 20K 100K 


200K 
900K 
1Meg 


90 900 OK 25K 200K 


Model 84 


SIDE ADJUSTMENT 


TOP ADJUSTMENT 


Model 84W 


Model 84X 


.040 + .010 
1.02 + 0.25 


050 + .010 
1.27+0.25 


Standard Marking 
On This Surface 


.170+.015 
4.32+0.38 


.250 + .020 
6.35+0.51 


040 +0.15 


— 1.02 +0.38 


.295 +. Lae 
7.49 +0.38 


Metal Adjustment Screw —= 


070 +.005 
1780.13 “tn 


vet Min. Wide x 


.020 
054 Min. Deep Slot 


.005 
0. 073 Min. 
3x .040 +.015 


1.02 +0.38 a 
070 + .015 


3X 778 + 0.38 


Terminal Pins: 
SOB 4 
x 018 + .002 .002 


* 0, 0.46 + .051 


Housing: Molded Plastic S/S 


CORPORATION 


5i technologies 


i FP p40 +.010 


1-76 


Standard Marking 
On This Surface 


1.02 + 0.25 


050 + .010 
1.27 + 0.25 


040 +.015 
1.02 + 0.38 


Recommended PCB Layout- Model 84W and 84X 


x 2040+ .015 
*7.02+ 0220.38] ry 


110 +.015 


(2) 3X 530+ 0.38 


Metric equivalents, based on 1 inch = 25.4mm are 

rounded to the same number of significant figures 

as in the original English units and are provided for 
general information only. 


Tolerances unless otherwise specified: 
Linear = + .01 inches (.25mm) 
Angular = + 2 degrees 


DIMENSIONS 
INCH 


4 Tp 


mm 


THIRD ANGLE 
PROJECTION 


Model 84 


SIDE ADJUSTMENT 


Model 84P 


Standard Marking 
On This Surface 3x 105.015 


2.67+0.38 


j 
oo 


1.02 + 0.25 


I 
210 +.015 
5.33 = 0.38 


i] 

(1) 2) 3) 
250 +.020 040 +.015 
& 3520.51 3X 799 =0.38 


Standard: Tubes 
All Units oriented with #1 pin to same side 


Pin Style P 

Magazine Width 0.47°(11.938mm) 
Height 0.32"(8.13mm) 
Length 14.5°(368mm) 


Capacity Units 50 


Embossed Tape & Reel (84P & 84W only) 


Recommended PCB Layout- Model 84P 


3x -125+.015 
3.18 +0.38 
7 —-—Ca 
a ee 
.100 
EA (2) 
: | .040+.015 7 
3x 9940.38 


.3/5+.015 
9.53+0.13 


0.37°(9.39mm) 

0.47"(11.93mm) 
(368mm) 

16.5"(429mm) 


All units oriented with #1 pin to the right of the direction of feed 


Pin Style P 
Tape Width 16 mm 


sprocket 4 mm pitch 
Capacity, Units 500 
Reel Diameter 13” (330 mm) 


ORDERING INFORMATION 


Standard: 84 P R 10K XX 


Model Series | 
Pin Style 


24mm 

4mm pitch 
400 

13” (330mm) 


| 
— Packaging Option 


TR = Tape & Reel 


Resistance Value 


3 technologies 


CORPORATION 


1-77 


Resistance Prefix 


Model 84 


i technologies 1-78 


MODEL 89 
3/4” Rectangular 
Multi-Turn 
Cermet Trimming 


Potentiometer 


Standard Resistance Range, Ohms 


10 to 2Meg 


Standard Resistance Tolerance 


+10% (<100 Ohms = +20%) 


Input Voltage, Maximum 


200 Vdc or rms not to exceed power rating 


Slider Current, Maximum 


100mA or within rated power, whichever is less 


Power Rating, Watts 


0.75 at 85°C derating to 0 at 125°C 


End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Turns, Nominal 20 
Dielectric Strength 1,000 Vrms 


Insulation Resistance, Minimum 


1,000 Megohms 


Resolution 


Essentially infinite 


Contact Resistance Variation, Maximum 


1% or 1 Ohm, whichever is greater 


ENVIRONMENTAL 


Seal 


89°C Fluorinert® (No Leaks) 


Temperature Coefficient, Maximum 


+100ppm/°C 


Operating Temperature Range 


-99°C to +125°C 


Thermal Shock 


5 cycles, -55°C to +125°C (1% ART, 1% AVR) 


Moisture Resistance 


Ten 24 hour cycles (1% ART, IR 100 Megohms Min. 


Shock, 6ms Sawtooth 
Vibration 


100G’s (1% ART, 1% AVR 


20G’s, 10 to 2,000 Hz (1% ART, 1% AVR 


High Temperature Exposure 
Rotational Life 


200 cycles (3% ART 


Load Life at 0.5 Watts 


1,000 hours at 70°C (2% ART 


Resistance to Solder Heat 


) 
) 
) 
250 hours at 125°C (2% ART, 2% AVR) 
) 
) 
) 


260°C for 10 sec. (1% ART 


Clutch Action, both ends 
9 02.-in. (0.035 N-m) 
.05 oz. (1.4 grams) 


Mechanical Stops 
Torque, Starting Maximum 
Weight, Nominal 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 
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STANDARD RESISTANCE VALUES, OHMS 


Model 89 


LOW PROFILE 


Model 89P and 90P 
METAL ADJUSTMENT SCREW: > 22 or = 0 DIA. WITH 
* 2.36 + 0.25 


02 + 008 031 + .005_ 
0.635 + 0.127 WIDE X 0.767 + 0.127 DEEP SLOT 


MODEL NO. AND 
RESISTANCE VALVE 
MARKED ON THIS 
OR OPPOSITE 
SURFACE. | 


SOLDERABLE 
TERMINAL PINS (3) 


015 = 005 | _(3)| 4669 = 0.387 z4ay MIN. 


0.387 + 0.254 | 
= —_— _|—_________ 
015 : : Z 125 + .015 


0.381 3.175 + 0.381 


STANDOFF 
2 PLACES _-050 + .015_ 
1.270 + 0.381 


Note: Model 89P dimensions applicable to all other models except as noted 


Model 89W 


125 + .015 
3.175 + 0.381 


Model 89X 
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Model 89 


Model 89PH 


STANDOFF 
2 PLACES 


CIRCUIT DIAGRAM MARKED 
ON THIS SURFACE 


HOUSING: 
MOLDED PLASTIC 
(ALL MODELS) 


Pin dimensions same for 89P and 89PH 


Model 89WH 


_-03 
076 } 


f (1) 
STANDOFF _.02 L 
2 PLACES 0.51 


Pin dimensions same for 89W and 89WH 


Model 89XH 


STANDOFF _.02 
2 PLACES 0.51 


Pin dimensions same for 89X and 89XH 


5i technologies 1-81 Model 89 


CORPORATION 


Model 89B 


91 + .01 
23.11 + 0.25 
CIRCUIT DIAGRAM 
MARKED ON THIS 
SURFACE 


MATERIAL: 
MOLDED 
PLASTIC 


CIRCUIT DIAGRAM 


5i technologies 


CORPORATION 


30 + .01 


7.62 + 0.25 


PANEL MOUNT ADAPTER 


1-82 


187 + .010 
4.750 + 0.254 


.375 + 010 SCREW DRIVER HOLE 
9.525 + 0.254 115 
5-907 DIA. MIN. 


187 + .010 
4.750 + 0.254 


Metric equivalents, based on 1 inch = 25.4mm are DIMENSIONS 


rounded to the same number of significant figures INCH 


as in the original English units and are provided for ” mm. 


general information only. © ~f4- 


Tolerances unless otherwise specified: THIRD ANGLE 


Linear = + .01 inches (.25mm) PROJECTION 


Angular = + 2 degrees 


Model 89 


Standard: Plastic Bags 
Capacity, Units 100 (89P) 
90 (All other styles) 


Option: Tubes 
All Units oriented with #1 pin to same side 


0.28” 
0.65" 
cies 
20 


Magazine Width 
Height 
Length 
Capacity, Units 


ORDERING INFORMATION 


Standard: 


Model Series | Resistance Value 
(Use Model 90 to order with 
transparent housing) 


Pin Style 


Resistance Prefix 


89 PR 10K TB 
a7 


Pin Style '_______ Packaging Option 
TB = Tubes 


Model Series - : Panel Mount Adapter 
(Use 89B to order 

Adapter without 

Trimmer) 


5 technologies 1-83 Model 89 


ORPORATION 


251 technologies 1-84 


MODEL 91 
3/8” Diameter 
Single Turn 


Cermet Trimming 


Potentiometer 

ee 2... 
Standard Resistance Range, Ohms 10 to 2Meg 
standard Resistance Tolerance +20% 
Input Voltage, Maximum 200 Vdc or rms not to exceed power rating 
Slider Current, Maximum 100mA or within rated power, whichever is less 
Power Rating, Watts 0.5 at 70°C derating to 0 at 125°C 
End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Nominal 174° 
Dielectric Strength 500 Vrms 
Insulation Resistance, Minimum 1,000 Megohms 
Resolution Essentially infinite 
Contact Resistance Variation, Maximum 1% or 1 Ohm, whichever is greater 
Temperature Coefficient, Maximum +100ppm/°C 
Operating Temperature Range —55°C to +125°C 
Thermal Shock 9 cycles, -55°C to +125°C (1% ART, 1% 1% AVR) 
Moisture Resistance Ten 24 hour cycles (1% ART, IR 100 Megohms Min.) Min.) 
Shock, 6ms Sawtooth 100G’s (1% ART, 1% AVR) 
Vibration 20G’s, 10 to 2,000 Hz (1% ART, 1% AVR) 
High Temperature Exposure 200 hours at 125°C (2% ART, 2% AVR) 
Rotational Life 200 cycles (3% ART) 
Load Life at 0.5 Watts 1,000 hours at 70°C (2% ART) 
Resistance to Solder Heat 260°C for 10 sec. (1% ART) 

iS RS 
Mechanical Stops Solid 
Stop Strength 12 0z.-in. (0.085 N-m) 
Torque, Starting Maximum 90z.-in. (0.042 N-m) 
Weight, Nominal .03 02. (0.85 grams) 


Specifications subject to change without notice. 


553i technologies 1-85 Model 91 


CORPORATION 


TOP ADJUSTMENT SIDE ADJUSTMENT 


Model 91A Model 91T 


315 


9,525 a 7 
Max. Dia. | Arrow indicates Slider position. 


Electrical adjustments may be made with a Phillips 
or Blade Screwdriver and is Fingertip Adjustable. 


. 034 wi 050 
Slot: 0-864 Wide x 7270 Deep 


15 For Phillips 


3,81 Screwdriver 


Marked on 
this surface 


Standoffs (2) rial 


= Marked on 
roe IIT Dia. this surface 


Solderable 10 
aad Terminals 254 


0 
Note: Model 91A dimensions applicable to all models except as noted 


Model 91B Model 91V 


Model 91C Model 91W 


25 technologies 1-86 Model 91 


CORPORATION 


TOP ADJUSTMENT SIDE ADJUSTMENT 


Model 91X 


Model 91E 


.015+.005 
0,387 +0,127 
True Radius (Typ.) 


ORDERING INFORMATION 


Standard: 
91 A R 10K 


Model Series i} | [ ere Value 


Pin Style Resistance Prefix 


Standard: Plastic Bags 
Capacity, Units = 


Metric equivalents, based on 1 inch = 25.4mm are DIMENSIONS 
rounded to the same number of significant figures INCH 

as in the original English units and are provided for 

general information only. 


‘ NC ; 


Tolerances unless otherwise specified: 
Linear = + .01 inches (.25mm) 
Angular = + 2 degrees 


25 technologies 1-87 Model 91 
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CORPORATION 


i technolog 


MODEL 93 
1/2” Diameter 
Single Turn 


Cermet Trimming 


Potentiometer 


standard Resistance Range, Ohms 20 to 2Meg 
standard Resistance Tolerance +10% (<100 Ohms = +20%) 
Input Voltage, Maximum 200 Vdc or rms not to exceed power rating 
slider Current, Maximum 100mA or within rated power, whichever is less 
Power Rating, Watts 1.0 at 70°C derating to 0 at 125°C 
End Resistance, Maximum 2 Ohms 
Actual Electrical Travel, Nominal 2/0° 
Dielectric Strength 900 Vrms 
Insulation Resistance, Minimum 1,000 Megohms 
Resolution Essentially infinite 
Contact Resistance Variation, Maximum 1% or 1 Ohm, whichever is greater 
seal 85°C Fluorinert® (No Leaks) 
Temperature Coefficient, Maximum +100ppm/°C 
Operating Temperature Range —59°C to +125°C 
Thermal Shock 5 cycles, -55°C to +125°C (1% ART, 1% AVR) 
Moisture Resistance Ten 24 hour cycles (1% ART, IR 100 Megohms Min.) 
Shock, 6ms Sawtooth 100G’s (1% ART, 1% AVR) 
Vibration 20G’s, 10 to 2,000 Hz (1% ART, 1% AVR) 
High Temperature Exposure 290 hours at 125°C (2% ART, 2% AVR) 
Rotational Life 200 cycles (3% ART) 
Load Life at 0.5 Watts 1,000 hours at 70°C (2% ART) 
Resistance to Solder Heat 260°C for 10 sec. (1% ART) 


Mechanical Stops 24 0z.-in. 20 200 2K 20K 100K 500K 
Stop Strength 1.5 Ib.-in. (0.169 N-m) 90 900 OK 29K 200K 1Meg 
Torque, Starting Maximum 9 0z.-in. (0.035 N-m) 100 1K 10K 50K 250K  2Meg 
Weight, Nominal .052 02. (1.5 grams) 


Fluorinert® is a registered trademark of 3M Company. 
Specifications subject to change without notice. 
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TOP ADJUSTMENT 


SLOT .250 + .005/6.350 + 0.127 LONG 
+ .000 + 0.000 

X .030 — 005/0-782 _~ 0.127 WIDE 
+ 000 /0.889 + 0.000 


X 035 _ ‘005 ~0.127 


DEEP 


ARROW AND 
GRADUATIONS IN 
CONTRASTING COLOR 


.028 + .003/0.711 + 0.076 DIA 
Solderable Terminal Pins 


RESISTANCE MARKED 
ON THIS SURFACE 


a ae MAX 


6.35 


STANDOFF 
FEET 


535i technologies 1-90 Model 93 


CORPORATION 


ORDERING INFORMATION 


Standard: 


93 P R 10K 
Model Sefies=-—--_-- | Lo Resistance Value 
Pin Style Resistance Prefix 


CIRCUIT DIAGRAM 


(2) 
“| Standard: Plastic Bags 


UKoeAVANVAN AN AN AN AN AN AN AN A 


Capacity = 50 Units 
> CW 


Metric equivalents, based on 1 inch = 25.4mm are 


rounded to the same number of significant figures en 
as in the original English units and are provided for <— rm 


general information only. 


Tolerances unless otherwise specified: 
Linear = + .01 inches (.25mm) 
Angular = + 2 degrees 


535i technologies 1-91 Model 93 


CORPORATION 


5 technologies 1-92 


Terminal 
Configurations 


TERMINAL CONFIGURATIONS 
“e ee 


| .100 | .100 | 


2.04 2.94 
CCW | CW | 


*CCW & CW REVERSED 


82PA, 62M, 91B*, 82M, 91T, 91X*, 72P*, 72X, 93P*, 89X, 89XH, 78P 
66P*, 67P*, 67Y, 67Z, 68P*, 64W, 64X, 25P*, 255, 
25RS*, 25X, 25RX*, 64P, 72RX* 


.100 .100 | 
2.04 2.04 


——— Fe 


*CCW & CW REVERSED 


91A*, 91W*, 72PL, 72XL, 66W, 66X, 67W, 67X, 68W, 89W, 89WH 
68X, 24U, 64Y, 64Z, 72RXL*, 72RW%*, 82W, 25U%*, 25V, 
20RV* 


.150 | .150 | 
3.81 3.81 


[43 Feo 


*CCW & CW REVERSED 


72PX, 72XW, 72RPX*, 72RXW* 89P, 89PH, 90P 
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THE WIPER OR MOVING CONTACT 


The wiper is also a major contributor to good 
electrical performance. It must make reliable 
electrical contact with the surface of the cermet 
element. The contact resistance must be low and must 
not vary substantially as it is moved over the element 
surface. It must be accurately settable without 
backlash. Lastly, it must remain at its established set 
point without substantial dimensional shifting or 


corrosion under all trimmer operating conditions. 


BI TECHNOLOGIES MATERIALS AND 
CONSTRUCTION 


The combination of proprietary cermet element 
technology, precious metal brush contacts and 
swaged pin element connections used in BI trimmers 
permits the manufacture of precision, high quality 
trimmers that span the resistance range from 10 ohms 
to over 5 megohms. The small size and planar 
construction of these trimmers minimize stray circuit 
reactances and permit the trimmers to perform well in 
many high frequency applications. 


Leadscrew 

Precision brass leadscrew cuts its own grooves in the 
teflon rotor so that the operation of the rotor is free of 
backlash. Setability is excellent. 


Sealing Grooves 
Leadscrew has specially cut grooves to ensure a 
watertight seal. 


Ceramic Substrate 
High density substrate provides an excellent base for 
the element and is a good conductor of heat. 


Cermet Element 

BI’s proprietary cermet element matches the materials 
in the wirebrush so that CRV is minimized and the 
high temperature setability is excellent. 


LEADSCREW 


SEALING 
GROOVES 


CERAMIC 
SUBSTRATE 


- Swaged Pins _— 
_ BI’s pin connections, hich: are ereceis to the 
substrate, are free of solder and maintain high 


_ conductivity with time and temperature cycling. 


1 TERMS AND oe 


| The terms and definitions used i in this Catalog have 
been edited from the Variable Resistive Components 
Institute ay MEN) data for trimming potentiometers. 


VRCI publishes generally accepted terms, 

_ definitions, and test standards for trimming 
potentiometers, and for other variable resistive. 

_ devices. If you would like additional information or 
_ definition on industry standards, please contact one 


_ of our application engineers. 


TEFLON ROTOR 


APPLICATION NOTES 


HOUSING 


CERMET 
RESISTANCE 
ELEMENT 


1.1 LIST OF SYMBOLS 


lets ELECTRICAL 


E - Total applied voltage 

€ - Output voltage 

e/E - Output ratio 

ENR - Equivalent noise resistance 

Vm - Minimum voltage 

R,; — -_ Total resistance 

Re -_ End resistance 

Ry - Absolute minimum resistance 

Ry -_ Load resistance 

TC  - Temperature coefficient of resistance 
RTC -_ Resistance temperature characteristic 
CRV - Contact resistance variation 

CT - Center tap 

SL - Wiper (slider) 

P - Power handling capability in watts 


1.1.2 MECHANICAL 


CW - Clockwise rotation 
CCW - Counterclockwise rotation 
ST - Single turn trimming potentiometer 


MT - Multiturn, screw actu ate 

. potentiometer — 

SS - Stops, solid 

C — - Continuous rotation — 

SC - Stops, clutch action 

L ___- Insulated wire lead terminals _ . 

P _- Pin terminals, flat base oust _ 
normally for printed c circuit _ 
application  . 

Ww - page mounted terminals, adjustment | 


x - Edge couited tert : ninals, adjustment 
shaft 90° from terminals 
5 - Solder lug 


1.2 GENERAL TERMS 


1.2.1 TRIMMING POTENTIOMETER: 


An electrical mechanical device with three — 
terminals. Two terminals are connected to the ends 
of a resistive element and one terminal is connected 
to a movable conductive contact which slides over 
the element, thus allowing the input voltage to be 
divided as a function of the mechanical input. It can 
function as either a voltage divider or rheostat. 


1.2.1.1 WIREWOUND TRIMMING 
POTENTIOMETER: 

A trimming potentiometer characterized by a 

resistance element made up of turns of wire on 

which the wiper contacts only a small portion of 

each turn. 


1.2.1.2 NON-WIREWOUND TRIMMING 
POTENTIOMETER: 
A trimming potentiometer characterized by the 
continuous nature of the surface area of the 
resistance element to be contacted. Contact is _ 
maintained over a continuous, unbroken path, The 
resistance is achieved by using material — 
compositions other than wire such as carbon, 


| conductive plastic, metal film and cermet. 


1.2.2 RESISTANCE ELEMENT: a 
| a continuous, , bubroker I _ “resistive material - 


ae at th 3 — 
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of the element and the electrical terminals connected 
to each end of the element or at an intermediate 


point such as a center tap. 


1.2.3 ADJUSTMENT SHAFT: 
The mechanical input member of a trimming 
potentiometer which when actuated causes the wiper 
to traverse the resistance element resulting in a 


change in output voltage or resistance. 


1.2.3.1 SINGLE TURN ADJUSTMENT: 
Requires 360° or less mechanical input to cause the 


wiper to traverse the total resistance element. 


1.2.3.2 MULTITURN ADJUSTMENT: 
Requires more than 360° mechanical adjustment to 
cause the wiper to traverse the total resistance 


element. 


1.2.4 TERMINAL: 
An external member that provides electrical access 


to the resistance element and wiper. 


1.2.4.1 LEADWIRE TYPE: (L) 


Flexible insulated conductor. 


1.2.4.2 PRINTED CIRCUIT TERMINAL: (P, W&X) 
Rigid uninsulated electrical conductor so arranged, 


suitable for printed circuit board plug-in. 


1.2.4.3 SOLDER LUG TERMINAL: (S) 
Rigid uninsulated electrical conductor so arranged, 


suitable for external lead attachment. 


1.2.5 WIPER: (SL) 
The wiper is the member in contact with the 
resistive element that allows the output to be varied 


with the mechanical member adjustment. 


1.2.6 STOP-CLUTCH: (SC) 
A device which allows the wiper to idle at the ends 
of the resistive element without damage as the 
adjustment shaft continues to be actuated in the 


same direction. 
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2.3 LOAD TERMS 


2.3.1 LOAD RESISTANCE: (Rj) 
An external resistance as seen by the Output 
Voltage (connected between the wiper terminal and 
the designated reference point). 


3 ROTATION AND TRANSLATION 


3.1 DIRECTION OF TRAVEL: 
Clockwise (CW) or counterclockwise (CCW) 
rotation when viewing the adjustment shaft end of 
the potentiometer. The designation of terminals in 
the figure corresponds to the direction of wiper 
travel. 


3.2 MECHANICAL TRAVEL 


CCW CW 
YELLOW GREEN 
3 


RED 2——> CW SHAFT ROTATION 
SL 


Figure 3.1 Circuit and Travel Diagram 


3.2.1 MECHANICAL TRAVEL - SOLID STOPS: (SS) 
The total travel of the adjustment shaft between 
integral stops. Continuity must be maintained 
throughout the travel. 


3.2.2 MECHANICAL TRAVEL - CLUTCHING 
ACTION: (SC) 
The total travel of the adjustment shaft between the 
points where clutch actuation begins. Continuity 
must be maintained throughout the travel and during 
clutch actuation. 


3.2.3 MECHANICAL TRAVEL - CONTINUOUS 
ROTATION: (C) 
The total travel of the adjustment shaft when the 
wiper movement is unrestricted at either end of the 
resistive element as the adjustment shaft continues 
to be actuated. 


DJUSTMENT TRAVEL (ELECTRICAL): 
total travel of the adjustment shaft between 


mi conn and maximum output voltages. 


ONTINUITY TRAVEL: 
i total travel of the shaft over which electrical 
continuity is maintained between the wiper and the 
esistance element. 


oENERAL ELECTRICAL CHARACTERISTICS 

ite TOTAL RESISTANCE: (Ry) 

The de resistance between the input terminals with 
the wiper positioned to either end stop, or in dead 
band for continuous rotation potentiometers. 


2 ABSOLUTE MINIMUM RESISTANCE: (Rin) 
The resistance measured between the wiper terminal 
and each end terminal with the wiper positioned to 


. ge a minimum value. 


43 END RESISTANCE: (Rg) 
: ‘The resistance measured between the wiper terminal 
and an end terminal when the wiper is positioned at 
_ the corresponding end of mechanical travel. 

_ Absolute minimum resistance and end resistance are 


- synonymous for continuous rotation trimmers. 


4 {.4 TEMPERATURE COEFFICIENT OF 
_ RESISTANCE: (TC) 
The unit change in resistance per degree celsius 
_ change from a reference temperature, expressed in 
| pee per: million ‘per degree celsius as follows: 
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Where: 

R, = Resistance at reference temperature in ohms 
R> = Resistance at test temperature in ohms 

T = Reference temperature in degrees celsius 


T> = Test temperature in degrees celsius 


4.5 RESISTANCE-TEMPERATURE 
CHARACTERISTIC: (RTC) 
The difference between the total resistance values 
measured at a reference temperature of 25°C and the 
specified test temperature expressed as a percent of 


the Total Resistance. 


Where: 
R, = Resistance at reference temperature (25°C) 
in ohms 


R> = Resistance at the test temperature in ohms 


4.6 CONTACT RESISTANCE VARIATION: (CRY) 
The apparent resistance seen between the wiper and 
the resistance element when the wiper is energized 
with a specified current and moved over the 
adjustment travel in either direction at a constant 
speed. The output variations are measured over a 
specified frequency bandwidth, exclusive of the 
effects due to roll-on or roll-off of the terminations 
and is expressed in ohms or % of Rt. 


prt tet ee ee eee * 
' 


TEST TRIMMER 


BAND OUTPUT OR 


PASS 
FILTER 


CONTACT 
RESISTANCE 
SOURCE VARIATION 


CURRENT 
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4.12 POWER RATING: 
The maximum power that a trimming potentiometer 


can dissipate across the total resistive element under 
specified conditions while meeting specified 
performance requirements. 


4.13 LIFE 


4.13.1 ROTATIONAL LIFE: 
The number of cycles obtainable under specific 
operating conditions while remaining within 
specified allowable degradation. A cycle is defined 
as one complete traversal of the wiper over the 
resistive element in both directions. 


4.13.2 LOAD LIFE: 
The number of hours at which a device may 
dissipate rated power under specified operating 
conditions while remaining within specified 
allowable degradations. 


4.14 ADJUSTABILITY: 
Defines the precision with which the output of a 
device can be set to the desired value. 


4.14.1 ADJUSTABILITY 
(OUTPUT RESISTANCE): 
The precision with which the output resistance of a 
device can be set to the desired value. 


4.14.2 ADJUSTABILITY 
(OUTPUT VOLTAGE RATIO): 
The precision with which the output voltage ratio of 
a device can be set to the desired value. 


5 GENERAL MECHANICAL 
CHARACTERISTICS 


5.1 TORQUE 


5.1.1 STARTING (OPERATING) TORQUE: 
The maximum moment in the clockwise and 
counterclockwise directions required to initiate shaft 
adjustment anywhere in the mechanical travel. 
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5.5 IMMERSION SEALED: 
The ability of the unit to withstand submersion in 
acceptable cleaning solutions used in normal 
soldering processes without performance 
degradation under specific environmental 
conditions. 


APPLICATION BASICS 


A trimmer is generally used in an electrical or 
electronic circuit for the purpose of providing minor 
adjustments or calibrations. This implies that the 
trimmer is not used in the regular operation of the 
circuit, but would be required to make initial and 
periodic adjustments to compensate for circuit 
variables. This implies that the trimmer must be able 
to remain at its setting for long periods of time 
without variation in setting or contact resistance. 


VOLTAGE ADJUSTMENT CURRENT ADJUSTMENT 


VOLTAGE 


SOURCE 
CURRENT V 


SOURCE 


OUTPUT OUTPUT 
VOLTS VOLTS 


Wiper current small due to high load impedance O 
Potentiometer Configuration Wiper current is large. Most of the current flows through the wiper. 


Rheostat Configuration 


A trimmer can be used as potentiometer or rheostat. 
A potentiometer is a three terminal device typically 
used to vary voltage. In potentiometric 
configurations, the wiper terminal is lightly loaded 
so that wiper current is generally small. 


A rheostat is a two terminal device typically used to 
control current. Wiper current is generally larger in 
rheostat circuits. 


& 
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2. Single Turns 


¢ Single turn resolution for models with 


a longer cermet element (larger 
diameter) is quite respectable. This is 
especially true with BI wire brush 
contacts and smooth cermet films. 

¢ Reference BI single turn models: 
Small diameter - 24, 25, 62, 82 
Larger diameter - 72, 91, 93 

3. Surface Mount Models 
¢ Single turn - 21, 23, 83 
e Multiturn - 44, 84 


Call for application assistance if high resolution 
is critical in your application. 


B. Setability and Time to Set 
The enemies of setability are poor 
resolution, mechanical backlash and high 
CRV. BI has addressed these problems in 
the design of trimmer models. BI’s 
smooth cermet materials, precious metal 
split brush contacts and teflon rotors work 
together to provide outstanding setability. 


“Time to set” tests show the following: 


Setting Attributes Single Turn Multiturn 
High accuracy Best 
Fastest to high accuracy Best 
Fastest to approximate Best 

setting 


C. Physical and Environmental Issues 
1. Physical considerations in trimmer 
selection 
* Case style desired 
¢ Top or side adjust 
¢ Pin style required 
¢ Mechanical support required 
¢ Board height requirements 
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and materials are chosen for their 
stability and compatibility. The high 
contact forces utilized at the 
brush/element interface reduce 
susceptibility to shock and vibration. 
The circuit designer can contribute 
significantly to short term operating and 
long term stability by mounting the 
trimmer away from high thermal 
gradients, hot spots and sources of 
excessive vibration. 


E. Circuit Packaging 
BI manufactures trimmers in a variety 
of package styles and sizes. The chances 
are excellent that stock models are 
locally available that will fit your 
requirements. Models include both pin 
style and surface mount single and 
multiturn configurations. Special 
electrical and mechanical features are 
available for specific customer 
applications. Call your local 
representative or the factory direct for 
information on special packaging. 


"DESIGN CONSIDERATIONS AND THE 
_CERMET ADVANTAGE : 


: . CHARACTERISTICS WIREWOUND NON WIREWOUND TRIMMERS 


_ Hot-Mold Carbon Carbon Film Thin-Metal Film 
| Setting Ability Poor to Good Excellent Excellent Excellent 


_ | __ Resistance Range Low to Medium Low thru High Medium to High Medium to High Low to Medium 
_ {__ Power Rating Medium 
[em Costin [ow oN iow 


: _ Environmental Stability 
High Temperature Good to Exc. Excellent Poor Fair Excellent 


_ a Trai __|Bxele 
7 Excelent 
Fai 
: Fa 
7 Excel 


1. Essentially infinite resolution. Proprietary 
cermet BI film materials and wire brush 
technology produce a cermet trimmer that 
provides essentially infinite resolution. 

- Wirewound trimmers are limited in resolution 
because each wire turn appears as a definite 

“step” during adjustment. As a result, a 
wirewound’s best setting ability is in the order of 
0.17%, and this is possible only at resistance 
values of 50K and 100K ohms where very fine 
fragile wire is used. The cermet element provides 


TRIMMER OUTPUT VOLTAGE CHANGE WITH RESPECT TO 
REFERENCE VOLTAGE IN VOLTAGE DIVIDER APPLICATION 


(SOURCE RESISTANCE = APPROX 33% OF TRIMMER R) 


WIREWOUND TRIMMERS 


Bl CERMET TRIMMERS 
a setting ability as precise as +0.01%. © 


OUTPUT VOLTAGE CHANGE (PERCENT) 


1K 10K 100K 1MEG 2MEG 
TRIMMER TOTAL RESISTANCE (OHMS) 


SETABILITY VS RESISTANCE VALUE TRIMMER OUTPUT VOLTAGE CHANGE WITH RESPECT TO 
Se” REFERENCE VOLTAGE AS A FUNCTION OF 
WIPER POSITION IN RHEOSTAT APPLICATION 


Ecos oe een anes enee vee eentece Meare betes daeecea (10:1 RATIO BETWEEN SOURCE RESISTANCE 
WIREWOUND ses et TRIMMER R AND SERIES RESISTANCE) 
WIREWOUND TRIMMERS (100) 


WIREWOUND 
TRIMMERS (100K 


SETTING ABILITY CR RESOLUTION 


—METALFILM. 
10 50100 1K 10K 100K 1MEG 2MEG WIPER POSITION (PERCENT OF R) BI CERMET TRIMMERS 
RANGE OF STANDARD RESISTANCE VALUES (100 102 MEG) 
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2. Wide resistance range. BI cermet trimmer 

_ | technology covers applications from 10 ohms thru 
2 megohms vT his. can simplify and reduce design, 
_ testing and stocking costs, 


RESISTANCE RANGE VS ELEMENT TECHNOLOGY 


|) METAL FILM 


WIREWOUND 


BI CERMET 


10K 100K 1MEG '2MEG 
RANGE OF STANDARD RESISTANCE VALUES (OHMS) 


: _ 3. Environmental stability. It is important in most 
applications that both the total resistance and 
voltage setting remain relatively unchanged 
during temperature extremes, long-term load life, 
humidity cycling, shock and vibration. BI cermet 


ee RR es i a OO 


CHANGE IN VOLTAGE SETTING 


HIGH TEMP 
OPERATION 


LOW TEMP 
OPERATION 


_ Cert : nce range 

- of 100 ohms t to 500K chow that the average — 

change i in total resistance after 1,000 hour load 
life tests iS 0. 3% with a maximum need : 
change « of 1.25%. | 
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(PERCENT OF R) 
Ww > on [o>) N 
BI GERMET 


ine) 
i WiREWouND 


—_k 


MOISTURE 
RESISTANCE 


Low TEMP 
OPERATION 


HIGH TEMP 
EXPOSURE 


LOAD LIFE 


Lower costs. Cermet potentiometers not only 
perform well, but typically cost less. BI cermet 
trimmers, for example, are generally priced lower 
than wirewound and metal film competitors. 
Cermet prices are also generally uniform across 
the resistance range, whereas other trimmer prices 
may vary as much as 100 percent, depending 
upon the resistance value desired. 


5. Longer, trouble-free life. The useful operational 


life of a cermet trimmer far exceeds that of 
wirewounds, metal film and carbon units. The 
cermet element has substantia] thickness, and its 
hard surface is resistant to abrasion. Moisture has 
little or no effect upon the tough cermet element. 
Unlike wirewounds, the cermet element is fired at 
high temperature and is free from sudden 
mechanical failure. 


6. Power rating and high temperature. In 


applications requiring high power and reliable 
operation at extremely high temperatures, cermet 
is superior to wirewound technology. Wattage 
ratings on cermet pots are consistently higher than 
comparable wirewounds, and the cermet units can 
withstand power surges several times their rated 
wattage. Wirewounds and thin metal film 
potentiometers are extremely susceptible to 
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resistance shift is the product of resolution and 
wiper stability as well as tempco. In practical 


applications, cermet stability is superior to 
wirewounds. If you add in environmental effects 
of vibration and shock, cermet wins by an even 
wider margin. The charts illustrate cermet vs 
POWER RATING VS AMBIENT TEMPERATURE wirewound stability in both voltage divider and 
HIGH TEMP. BI CERMET rheostat applications. 
SOME THOUGHTS FOR THE CIRCUIT 
DESIGNER 


HIGH TEMP. WIREWOUND & METAL FILM 


MIL-R-22097 & MIL-R-27208 


Rotation Conventions 
HIGH TEMP. CARBON 


50 70 85 100 125 150 175 200 
AMBIENT TEMPERATURE (DEGREES C) trimmer so that clockwise rotation: 


In general, it is preferable to connect the 


1. Increases the attribute quantity 
2. Moves the position “up” 


_ 7, A.C. performance. Cermet potentiometers 3. Moves the position “right” 


: perform at frequencies up to 200 megahertz with 
minimal phase shift. In wirewounds, there is high 
phase shift in frequencies over 400 Hz, due to 

capacitance from resistance wire to the core and 
| : inductive effects 0 of the coil. 


There are exceptions. The important thought 
is to make the adjustment as intuitive as 


possible. 


Maximum Ratings 
Pay attention to maximum voltage, current 


4 Reliability In BI's slay and ay control and power ratings in both normal and 


non-operating conditions. Non-operating 


‘manufacture is closely controlled to assure conditions, such as warm up, device failure 


_ conformance to stringent BI standards. These and misadjustment, may be easily overlooked 


_ cendards are designe dic assure m aximum in the product design and testing cycles. 


- reliability in the product’ S end use. Take appropriate steps to establish adjustment 


limits through hardware. 


8. Tempco. The temperature performance ofa 
trimmer is based upon more than the tempco of — 
___ the resistance element. In evaluating comparable 
: wirewound and cermet trimmers, the effect of © 
; tempco is found to be considerably less in cermet 
___ when other effects such as resolution and setting 
stability are included. To consider wire tempco 
ne is like measuring an automobile’ S$ 
- performance strictly on the basis of the engine’s 


Linear Circuit Applications 
A. Establishing Limits 
When a trimmer is properly utilized 
in a circuit, the maximum rotation 
end to end will provide the 
adjustment range required but will not 
operate inappropriate or unsafe circuit 


conditions. 


horsepower rating. In circuit applications, there is 
“more t to consider, since the amount of voltage ¢ or 
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The theostat Ry in the circuit shown below Define adjustment limits carefully and establish 


will become a short circuit when Totated fully them with appropriate circuitry. 
counterclockwise, Limiting resistor Ry is 
required to limit both trimmer and transistor B. Dealing With Amplifier Offset Voltage 


currents to safe levels. 
: Amplifier voltage offset adjustments 

represent a high percentage of 

trimmer applications. 

Offset voltages can occur due to the 

following: 

1. Amplifier internal imbalances 

2. Amplifier supply voltage 


imbalances 
LIMITING 3. Unbalanced input Circuitry 
RESISTOR L 4. Externally-caused thermal EMFs 


TRIMMER 


generated on the circuit card 
All of the above can change with time, 
ambient temperature and Varying input 
circuit conditions. 


There are two general types of voltage 
offset solutions: 


1. Take steps to avoid thermally 


The potentiometer in the circuit shown below generated offset problems by 
adjusts the output voltage over a specific range as minimizing board hot spots and by 
limited by the values of R A and Rp. locating sensitive circuits away from 


thermal gradients. 

Balance voltages and impedances 

where possible. 

2. Provide a means of Zeroing the 
offset voltages. Two methods are 
shown below: 

a. For amplifiers with offset trim 
terminals, the circuit in figure | 
can provide compensation that can 
be appropriately scaled by the size 
of Rj and R>. This method 
becomes inappropriate when the 
trimmer wiper current becomes 
small enough to risk dry circuit 
conditions. 


_ Bi technologies 
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BI’s precious metal brush contact provides 


a surface-conforming, non-oxidizing, high 


force connection that is highly superior to 
trimmers using non-precious metal wipers 
and films. In a few circuit applications 
such as the op amp gain control circuit 
below, the current through the wiper would 


be very low (nano or pico amps). This is 


not enough current to absolutely ensure a 
FIGURE 1. low resistance contact in the absence of 
contact motion. 


b. When the circuit in Figure 1 becomes 
inappropriate, the circuit shown in ue 
Figure 2 can be used. Scale Ry, Ro, 
Ry. Ra, and Rp as required. This 

circuit can also be adapted for use in 
a potentiometric amplifier circuit 


: _. GAIN - 1.0 NOMINAL 
configuration if required. ADJ. - +/- 1% 


POSSIBLE DRY CIRCUIT PROBLEMS 


The circuit designer would be wise to 
consider an alternate circuit configuration 
to avoid the dry circuit problems that might 
arise. This is especially important in 
circuits that are adjusted and then forgotten 
for long periods. In the example shown 
below, the amplifier current will flow 


through the wiper contact to minimize the 


possibility of a high resistance connection. 


FIGURE 2. This circuit is also superior to the one 
C. Correctly Using the Trimmer to above in that an open wiper will only cause 
Avoid Dry Circuit Risk a small shift in gain versus amplifier 
The end connections to BI cermet elements lockup in the circuit above. 


are made with a swaging process so that 
the resistance of the end connections 
remains small and constant for the life of 
the device. The connection between the 
moving contact and the element surface, 


however, is not gas tight and requires 
a GAIN - 1.0 NOMINAL 


special consideration. 
ADJ. - +/- 1% 


ELIMINATES DRY CIRCUIT RISK 
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Choose an appropriately designed trimmer for 

your board processes. Then take the steps that 

you can to minimize damage to your trimmers 

and other components. 

1. Orient shaft or rotor seal away from the 
high pressure water stream. 

2. Preheat stuffed boards to the max allowable 
temperature. 

3. Heat the top and bottom of the board. 

4. Reduce the time in the solder. 

5. Lengthen the time between solder and wash 
cycles. 

6. Cool the boards Prior to entering the wash 
cycle. 

7. Minimize the temperature difference 
between wash and rinse cycles. 

8. Use heated air for air knives. 


Further application assistance is always available by 
contacting your local representative, a factory office, 
or BI’s product application group. 
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MULTI-TURN PRECISION | 


MODEL NUMBER HOUSING ELEMENT™ RESISTOR STANDARD STANDARD MOUNTING 
NUMBER OF (OUTSIDE RANGE (OHMS) RESISTANCE LINEARITY STYLE 
TURNS DIAMETER) TOLERANCE 


WW 100 to 30K +9% +0.50% Bushing 
WW 100 to 30K +9% +0.50% Servo 
WW 100 to 30K +9% +0.50% Bushing 
WW 30 to 90K +5% +0.25% Bushing 
WW 30 to 90K +5% +0.25% Servo 


WW, HYB 5 to 194.7K +3% +0.50% Bushing 
(<100Q=+5%) 


7/8” WW 100 to 50K +5% +0.30% Bushing 
7/8” WW 100 to 50K +5% +0.30% Servo 
7/8” WW 100 to 50K +5% +0.30% Bushing 
7/8” 10 to 125K +3% +0.25% Bushing 
7/8” 10 to 125K +3% +0.25% Bushing 
7/8” 10 to 125K +3% +0.25% Servo 
7/8” 10 to 125K +9% +0.25% Bushing 
7/8” 100 to 100K +5% +0.25% Bushing 
7/8” 100 to 100K +5% +0.25% Bushing 
7/8” 100 to 100K +5% +0.25% Bushing 
7/8” 100 to 100K +5% +0.25% Servo 
7/8” 100 to 100K +5% +0.25% Bushing 
7/8” 100 to 100K +9% +0.25% Bushing 
7/8” 1K to 100K +10% +0.25% Bushing 
7/8” 1K to 100K +10% +0.25% Bushing 
7/8” 1K to 100K +10% +0.25% Servo 
7/8” 1K to 100K +10% +0.25% Bushing 
1-13/16" 1K to 650K +5% +0.15% Bushing 
1-13/16" 1K to 650K +5% +0.15% Servo 


1-13/16” 10 to 500K 43% +0.25% Bushing 
(<100Q=45%) — (<300Q=+0.50%) 


3-5/16” 40 to 2 Meg £5% +0.50% Bushing 
3-5/16" 40 to 2 Meg £5 % +0.50% Servo 
3-5/16” 60 to 3.3 Meg £5% +0.50% Bushing 
3-5/16” 60 to 3.3 Meg £5% +0.50% Servo 
3-5/16” 125 to 5.3 Meg £5% +0.50% Bushing 
3-5/16” 125 to 5.3 Meg £5% +0.50% Servo 


Conductive Plastic 
Wirewound 
Hybrid 


fowou 


2-2 


echnologies 


PRODUCT SELECTOR GUIDE 


‘POTENTIOMETERS | 


MODEL HOUSING ELEMENT* RESISTOR STANDARD STANDARD MOUNTING 
NUMBER (OUTSIDE RANGE (OHMS) RESISTANCE LINEARITY STYLE 
DIAMETER) TOLERANCE 


7/8” 200 to 15K +5% +0.5% Bushing 
7/8” 200 to 15K +5% +0.5% Servo 
7/8” 1K to 100K +10% +1.0% Servo 
7/8” 1K to 100K +10% +0.5% Servo 
7/8” 1K to 100K +10% +1.0% Bushing 
7/8” 1K to 100K +10% +1.0% Bushing 
7/8” 1K to 100K +10% +1.0% Bushing 
1-1/16” 1K to 900K +10% +0.5% Servo 
1-5/16” 1K to 900K +10% +0.5% Bushing 
1-5/16” 1K to 300K +10% +0.5% Bushing 


1-5/16” 10 to 44.6K 43% +0.5% Bushing 
(<40Q=+5%) (<250Q=+1.0%) 


1-5/16" 1K to 300K +10% +0.5% Bushing 
1-5/16” 1K to 300K +10% +0.5% Servo 


1-7/16” 25 to 50K +5% +0.5% Bushing 
(<100Q=+1.0%) 


1-7/16” 25 to 50K 45% 40.5% Servo 
(<100Q=+1.0%) 


15 to 80K +5% +0.5% Bushing 
(<50Q=+1.0%) 


15 to 80K +5% +0.5% Servo 
(<50Q=+1.0%) 


1K to 300K +10% +0.25% Bushing 
1K to 300K +10% +0.25% Servo 
25 to 145K +5% +0.5% Bushing 
25 to 145K +5% +0.5% Servo 


GP = _ Gonductive Plastic 
WW =  Wirewound 
HYB = Hybrid 
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MODEL A 
1-13/16” Diameter 
10-Turn 
Wirewound 


Precision Potentiometer 


Resistance Range, Ohms 10 to 500K 
standard Resistance Tolerance < 100 Ohms = +5%, = 100 Ohms = +3% 
Minimum Practical Resistance Tolerance 41% 
Independent Linearity < 300 Ohms = +0.50%, > 300 Ohms = +0.25% 
Minimum Practical Independent Linearity +0.15%, < 20 Ohms 


+0.10%, < 100 Ohms 
+0.075%, < 300 Ohms 
+0.05%, > 300 Ohms 


Power Rating, Watts 5.0 at 40°C derating to 0 at 85°C 
Input Voltage, Maximum ~ 4,000V de not to exceed power rating 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum 7 1,000 Megohms 
Noise, Maximum 500 Ohms: RT < 2613.7 Ohms 
290 Ohms: RT > 2613.7 Ohms 

Actual Electrical Travel | a 3600° + 4° - 0° 
Tap Tolerance ~ <20 Ohms = +3°, < 100 Ohms = +2° 
< 300 Ohms = +1.5°, > 300 Ohms = +1° 

End Voltage, Maximum 10 Ohms = 3%, 25 Ohms = 1.2% 
(% of input voltage) 50 Ohms = 0.6%, =100 Ohms = 0.25% 


This model available in a hybrid version — contact factory for details. 


ENVIRONMENTAL (MIL-R-12934) 


Operating Temperature Range static: -65°C to +85°C 

Dynamic: —40°C to +85°C 
Temperature Cycling 5 cycles, -65°C to +85°C (5% AR) 
shock, 6ms Sawtooth 100G’s (0.1ms discontinuity max.) 
Vibration 6 hours, 10 to 55 Hz (9% ART, 0.1ms discontinuity max.) 
Moisture Resistance Ten 24 hour cycles (3% AR) | 
High Temperature Exposure 1,000 hours at 85°C (5% AR). 
Rotational Load Life 2 mil. shaft rev. + 900 hrs. at rated wattage at 40°C (5% AR) 


Specifications subject to change without notice. 
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CORPORATION 


Total Mechanical Travel 


3600° + 4° — 0° 


Number of Gangs, Maximum 3 
Weight, Nominal (Single Gang) 4.4 02. 
Static Stop Strength 550 02z.-in. 
Backlash, Maximum hg 
Panel Nut Tightening Torque, Maximum 20 |b.-in. 
Shaft End Play, Maximum 005” 
Shaft Runout, T.1.R., Maximum 0005” 
Pilot Diameter Runout, T.1.R., Maximum 002” 
Lateral Runout, T.1.R., Maximum .003” 
Shaft Radial Play, Maximum .003” 
start/Run Torque, Maximum (per gang) 3.0 02z.-in. 


STANDARD RESISTANCE VALUES, OHMS 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


10 0.082 +800 ppm/°C * 

25 0.040 +800 ppm/°C * 

50 0.031 +800 ppm/°C * 
0.040 +20 ppm/°C 
0.031 +20 ppm/°C 
0.024 +20 ppm/°C 
0.021 +20 ppm/°C 
0.016 +20 ppm/°C 
0.014 +130 ppm/°C * 
0.011 +130 ppm/°C * 
0.009 +130 ppm/°C * 
0.007 +130 ppm/°C * 
0.006 +20 ppm/°C 
0.005 +20 ppm/°C 
0.005 +20 ppm/°C 
0.005 +20 ppm/°C 


* Lower tempco available as a special model 


METRIC CONVERSIONS 


1 in. 25,4mm 1 02.-in. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 
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CORPORATION 


OUTLINE DIMENSIONS 


Dim. “L” Dim. “M”_|_ Dim. “RS” 
--2.062+.031 | 2.875+.031 
"| 52.3840.79 | 73.03+0.79 | 
4.205+.031 | 5.016+.031 
| 106.81+0.79 127.41+.0.79 
6.100+.031 | 6.906+.031 
154.94+0.79 175.42+0.79 | 


MOUNTING SURFACE 
062 + .016 
1.58 + 0.41 

812+ .031 


+.0000 
+0. 
6.3424 ~ 0.0076 


CHAMFER a MAX X 45° 


062 + .016 ' 
1.58+0.41 ¥e-32 UNEF THREAD 


.312+.016 LOCATING LUG 
7.93+0 .125 + .005/3.175 + 0.127 DIA 


eee POSITIONED AS SHOWN +5° 
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CORPORATION 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape it 
Rear Shaft Extension RS” 
Flatted Shaft FS 
Slotted Shaft SS 
Shaft Lock SL 
Color Coded CC 
Additional Gangs a 2G or 3G 


ORDERING INFORMATION 


AR 10K T2 L .25 XX 
Jy] 7 J To 
| ; | 


Model Series . | — Optional Special 


| : Feature Code 


Resistance Prefix ————_ 


Linearity 


Resistance Value 


— Optional 
Non-Standard Tolerance 


MATCHING TURNS COUNTING DIALS 


2606, 2607, 2626, 2627, 2646, 2647, 2157, 2126, 2167, 26065, 2607S, 26465, 26475, RB 


CIRCUIT DIAGRAM 


Metric equivalents, based on 1 inch = 25.4mm are rounded to the 
same number of significant figures as in the original English units 
and are provided for general information only. 


Tolerances unless otherwise specified: 
Linear = + .01 inches 
(.25mm) 
Angular = + 2 degrees 
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CORPORATION 


DIMENSIONS 
INCH 


mm 


THIRD ANGLE 
PROJECTION 


Model A 


MODEL SERIES 
B, D&E 
3-5/16” Diameter 
Multi-Turn 
Wirewound 


Precision Potentiometer 


ELECTRICAL B/BSP D/DSP E/ESP 
15 TURN 25 TURN 40 TURN 
Resistance Range, Ohms | 40 to 2 Meg 60 to 3.3 Meg | 125 to 5.3 Meg 
Standard Resistance Tolerance +5% +5% +5% 
Minimum Practical Resistance Tolerance -— +1% 1% 1% 
Independent Linearity | | +0.50% ii +0.50% | +0.50% 
Input Voltage, Maximum (Not to Exceed Power Rating) 1 ,O00V dc i 1,000V dc 1,000V dc 
Power Rating, Watts (Derating to 0 at 85°C) —S 10at4oc =30s—s|—s—~—éi'S AKOPGD:SC*—“‘( (Oé;*;*;*#‘«ék A OT 
Dielectric Strength : | -4,000V rms [ —  1,000Vrms =—sSSSs«i4,000V rms 
Insulation Resistance, Minimum 100 Megohms | — 100 Megohms _ 100 Megohms 
Actual Electrical Travel, Nominal | 9,400° +4° -0° 9,000° +4° -0° _  14,400° +4° -0° 
End Voltage, Maximum : | <0.50% of Input Voltage | <0.50% of Input Voltage | <0.50% of Input Voltage 
Minimum Practical Independent Linearity: yf SO fo 7 
<100 Ohms +0.10% +0.05% +0.05% 
100 Ohms to 999 Ohms +0.05% +0.05% +0.05% 
>1K Ohms +0.035% +0.035% +0.035% 
Noise: 500 Ohms, Maximum, RT = | <8K <13K | <30K 
290 Ohms, Maximum, RT = >8K >13K >30K 
Tap Tolerance: #1.5°, RT = <700hms | ~—<100 Ohms” ~ <150 Ohms 
+1.0°, RT = >70 Ohms | >100 Ohms >150 Ohms 
Temperature Coefficient: 800ppm/°C, RT = | 40 Ohms to 265 Ohms | 60 Ohms to 440 Ohms | 125 Ohms to 700 Ohms 
20ppm/°C, RT = 300 Ohms to 8K, >142K | 500 Ohms to 13.5K, >230K | 800 Ohms to 30K, >340K 
130ppm/°C, RT = 8.6K to 128K 14K to 213K 34K to 340K 


ENVIRONMENTAL (MIL-R-12934) 


15 TURN 25 TURN 40 TURN 
Temperature Cycling, -65° to +85°C 5% AR 
Low Temperature Exposure, 24 hrs. at -65°C 5% AR 


Specifications subject to change without notice. 
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CORPORATION 


MECHANICAL B/BSP D/DSP E/ESP 
15 TURN 25 TURN 40 TURN 
Total Mechanical Travel 5,400° +4° -0° 9,000° +4° -0° 14,400° +4° -0° 
Number of Gangs, Maximum 3 ia 1 1 
Weight, Nominal Per Gang 13 02. 17 02. 21 02. 
Static Stop Strength 1.150 02z.-in. 730 02z.-in. 730 0z.-in. 
Backlash, Maximum 0.2° 0.2° 0.2° 
Shaft End Play, Maximum 0.007" / 0.005" 0.016" / 0.007" 0.016" / 0.007" 
Shaft Runout, T.1.R., Maximum 0.0005" / 0.001" 0.002" 0.002" 
Pilot Diameter Runout, T.1.R., Maximum 0.002" / 0.0015" 0.002" 0.002" 
Lateral Runout, T.1.R., Maximum 0.003" / 0.0065" 0.003" / 0.004" 0.003" / 0.004" 
Start/Run Torque, Maximum 2.7/2.0 0z.-in. 3.5 / 2.5 0Z.-in. 3.5 / 2.5 02.-in. 
Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension RS 
Flatted Shaft FS 
Slotted Shaft SS 


ORDERING INFORMATION 


B R 10K T1 L.S XX 
| 


Optional Special 
Feature Code 


Linearity 


Optional 
Non-Standard Tolerance 


Model Series 
Resistance Prefix 
Resistance Value 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original DIMENSIONS 


English units and are provided for general information only. <«—__ i __» 


mm 


©. 4 


Tolerances unless otherwise specified: 
Linear = + .01 inches 
(.25mm) THIRD ANGLE 


Angular = + 2 degrees PROJECTION 
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MODELS B, D & E (BUSHING MOUNT WITH SLEEVE BEARING) 


Mounting Surface 


1.500 + .031 
1.000+ .031 38.10 + 0.79 
25.40+0.79 


500+ .016 1.875 + .031 
12.72 0.41 2.031 + 031 47.63 = 0.79" 


+0./9 


Chamfer oi Max. x 45° 


| Model | Dim.“L” _| %-32 NS Thread eat OOS. 062 + .016 
: 2" rea . = ae , d Ser 
2.875 + .031 $08 3.28 + 0.13%. XT eas 0 aq Deep 

73.03 + 0.79 , Positioned as shown + 5° 
4.141 + .047 
705.2 + 1.19 

c 6.016 + .047 
152.8 + 1.19 


MODELS BSP, DSP & ESP (SERVO MOUNT WITH BALL BEARING) 


Mounting Surface 


1.000 + .031 
29.40+0.79 


2.031 + .031 5 
CW 51.59 + 0.79" 


Chamfer me Max. x 45° 


ie 
| + 0000 
2497 093, 


5 3494 +0-0000 


— 0.0076 


_ | .093 + .005 


“1 062 + 005 


Dim. “L” 
2.828 + .031 
71.83 + 0.79 
4.062 
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CORPORATION 
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CORPORATION 


MODEL C 
1-13/16” Diameter 
3-Turn 

Wirewound 


Precision Potentiometer 


Distributor ltem 


Resistance Range, Ohms 

standard Resistance Tolerance 
Minimum Practical Resistance Tolerance 
Independent Linearity 


9 to 194.7K 

< 100 Ohms = +5%, > 100 Ohms = +3% 
+1% 

+0.50% 


Minimum Practical Independent Linearity 


Power Rating, Watts 

Input Voltage, Maximum 
Dielectric Strength 

Insulation Resistance, Minimum 
Noise, Maximum 


Actual Electrical Travel 
Tap Tolerance 


End Voltage, Maximum (% of Input Voltage) 


This model available in a hybrid version — contact factory for details. 


+0.5%, < 25 Ohms 

+0.25%, 26-99 Ohms 

+0.15%, 100-1K Ohms 

+0.10%, >1K Ohms 

3.0 at 40°C derating to 0 at 85°C 
1,000V dc not to exceed power rating 
1,000V rms 

1,000 Megohms 

500 Ohms: RT < 800 Ohms 
250 Ohms: RT > 800 Ohms 
1080° + 4° - 0° 

< 25 Ohms = +2°, < 100 Ohms = +1.5° 
> 100 Ohms = +1.0° 


<100Q = 1%, >1002 = .5% 


ENVIRONMENTAL (MIL-R- 12934) 


Operating Temperature Range 


Temperature Cycling 
shock, 6ms Sawtooth 
Vibration 

Moisture Resistance 

High Temperature Exposure 
Rotational Load Life 


Specifications subject to change without notice. 
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CORPORATION 


static: -65°C to +85°C 
Dynamic: —40°C to +85°C 
9 cycles, -65°C to +85°C (5% AR) 
100G’s (0.1ms discontinuity max.) 
10G’s, 10 to 500 Hz (5% ART, 0.1ms discontinuity max. 


) 
Ten 24 hour cycles (3% AR) 
) 


1,000 hours at 85°C (5% AR 


2 mil. shaft rev. + 900 hrs. at rated wattage at 40°C (5% AR 


2-13 Model C 


Total Mechanical Travel 


1080° + 4° — 0° 


Number of Gangs, Maximum 3 
Weight, Nominal (Single Gang) 2.0 OZ. 
Static Stop Strength 350 02.-in. 
Backlash, Maximum ies 
Panel Nut Tightening Torque, Maximum 25 |b.-in. 
Shaft End Play, Maximum .005” 
Shaft Runout, T.1.R., Maximum 0005” 
Pilot Diameter Runout, T.1.R., Maximum 002” 
Lateral Runout, T.1.R., Maximum 003” 
Shaft Radial Play, Maximum 004” 
Start/Run Torque, Maximum (per gang) 3.0 02.-in. 


STANDARD RESISTANCE VALUES, OHMS 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


100 0.084 +20 ppm/°C 
200 0.074 + 20 ppm/°C 
500 0.056 + 20 ppm/°C 
1K 0.051 *+ 130 ppm/°C 
*+ 130 ppm/°C 
*+ 130 ppm/°C 


2K 0.044 
5K 0.032 
0.027 *+ 130 ppm/°C 
0.021 + 20 ppm/°C 
0.017 + 20 ppm/°C 
0.015 +20 ppm/°C 


* Lower tempco available - contact factory for details. 


METRIC CONVERSIONS 


1 in. 20,4mm 1 02.-in. 
1 02. 28.4 gm 1 Ib.-in. 


0,007 N-m 
0,113 N-m 
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CORPORATION 


Model C 


OUTLINE DIMENSIONS 


Dim. “L’ | Dim. “M” | Dim. “RS” | No.of Gangs | 


MOUNTING SURFACE 


062 +.016 
1.58+0.41 


812 +.031 
20.6+0.79 


+ 000 
=e a 
+. 

(ia 


9497 + 2000 
—.0003_ pir 


= agp4 + 0.0000 
| B72" 0.0076 


+ .016 
4| 


016 ° 
CHAMFER 4 47 MAX X 45 


062 + .016 
758+0.41 ¥e-32 UNEF THREAD 


312 «.025 / 2 & 3 GANG OUTLINE 
— 312 +,016 Le OBS. 175 0.127 DIA 
7 ‘ oe /3. +), 
7.93 =0.41 POSITIONED AS SHOWN + 5° 
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CORPORATION 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape lt 
Rear Shaft Extension RS 
Flatted Shaft FS 
Slotted Shaft 99 
Shaft Lock SL 
Color Coded CC 
Additional Gangs 2G or 3G 


ORDERING INFORMATION 


CR 10K T2 L.2 XX 


Model Series | Li Optional Special 


Feature Code 


Resistance Prefix 


Linearity 


eee ee eee Optional 
Non-Standard Tolerance 


Resistance Value 


MATCHING TURNS COUNTING DIALS 


2606, 2606S, 2607, 2607S, 2626, 2627, 2646, 264658, 2647, 2647S, 2126, 2157, 2167, 2257, 2267, RB 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original saat sii 
English units and are provided for general information only. ni 


CIRCUIT DIAGRAM 


Tolerances unless otherwise specified: © -E4- 


Linear = + .01 inches 
mm) THIRD ANGLE 


(.25 
Angular = + 2 degrees PROJECTION 
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CORPORATION 


MODEL SERIES 400 


Linear Actuation 
Conductive Plastic 
Precision Potentiometer / 


Position Sensor 


Model # Body Style Termination Style Weight (grams) 

423 Round Wire Leads 28 + (16 x mechanical travel) 
424 Round Gold Plated Terminals 28 + (16 x mechanical travel) 
432 Round with Mounting Flange Wire Leads 38 + (16 x mechanical travel) 
434 Round with Mounting Flange Gold Plated Terminals 38 + (16 x mechanical travel) 
472 Rectangular Wire Leads 21 + (12 x mechanical travel) 
474 Rectangular Gold Plated Terminals 21 + (12 x mechanical travel) 
482 Rectangular with Mounting Flange Wire Leads 23 + (12 x mechanical travel) 
484 Rectangular with Mounting Flange Gold Plated Terminals 23 + (12 xX mechanical travel) 


Resistance Range, Ohms 
Standard Resistance Tolerance 
Minimum Practical Resistance Tolerance 


See Table 1 


+10% 


+5% 


Independent Linearity 


See Table 1 


Minimum Practical Independent Linearity 


See Table 1 


Input Voltage, Maximum 
Power Rating, Watts 


400V dc, but not to exceed power rating 
See Table 1 


Dielectric Strength 


1,000V rms 


Insulation Resistance, Minimum 
Output Smoothness, Maximum 


1,000 Megohms 
0.1% at 10” to 18”/ Minute 


Actual Electrical Travel, Nominal 
Electrical Continuity Travel, Minimum 


See Table 1 


Within Mechanical Travel 


Resolution 
Temperature Coefficient* 


Essentially infinite 


-800 ppm/°C 


*Special tempco available to +100ppm/°C. 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range 


Static: -55°C to +125°C 
Dynamic: —40°C to +125°C 


Load Life 


10 mil. shaft actuations (10% AR) 


Specifications subject to change without notice. 


551 technologies 


CORPORATION 


Model Series 400 


Total Mechanical Travel See Table 1 

Actuating Force, Maximum 10 oz. 

Shaft Rotation Continuous 

Backlash, Maximum .003” 

Static Stop Strength 10 Ib. 
Ha a ee ee 

Electrical Travel, Inches 0.5” 1.0” 2.0” 3.0” 

(Ordering #) (-050) (-100) (-200) (-300) 

standard Resistance Range, Ohms 1K to 150K 2K to 300K 4K to 600K 8K to 900K 

Standard Independent Linearity +1.0% +0.75% +0.5% +0.5% 

Minimum Practical Independent Linearity 0.5% 0.25% 0.25% 0.25% 

Power Rating, Watts 0.5 0.75 1.0 i 

Mechanical Travel, Inches 0.6” 1.1” 2.1” a 

Electrical Travel, Inches 4.0” 9.0” 6.0” 

(Ordering #) (-400) (-500) (-600) 

Standard Resistance Range, Ohms 1.2K to 1Meg 1.5K to 1.3Meg 2K to 1.5Meg 

Standard Independent Linearity +0.5% +0.5% +0.25% 

Minimum Practical Independent Linearity 0.25% 0.25% 0.15% 

Power Rating, Watts 2.0 20 3.0 

Mechanical Travel, Inches i oe hi 6.1” 
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MODEL SERIES 400 


WIRE LEAD MODEL TERMINAL MODEL 


Model 423 Model 424 
1.000 +.030 |\~— 
Wire Leads (Fully 


Retracted) 


t 
500 *% oe Dia 


Dual* Single Single Solderable 
Section Section Section Section Terminals 


WIRE LEAD MODEL TERMINAL MODEL 
Model 432 Model 434 Maan HY a 08) ett 1 0) 090 1.150 Max. 


(Fully = 885i-— 


Terminals for Dual Solderable 745 Dia. Retracted) Max. 


Wire Leads Section (if required) Torainals 


1248 


: ' Dia. = ' ' 1 
Lead Wires for Dual” Mounting Hole mae 
Section (if required) 188 Dia. (Typ. 4 Pies.) M43" +.020 188 Typ. 4 |~— 1.500 — i 43 


WIRE LEAD MODEL TERMINAL MODEL 


Model 472 Model 474 1.000 + .030|—— 


(Fully 


Wire Leads = 1.030-—~ : Retracted) 
Max. t 
Nl --+@ | 


Dual* single Dual* Single Solderable 1248 Dia.** 
Section Section Section Section Terminals 


WIRE LEAD MODEL TERMINAL MODEL 


Model 482 Model 484 
“L” + 030 1.000 +.030)—— 


Fully 
Wire Leads! Solderable ( 


7 —- a — |t= 
——-+ zi 


; x Mounting Hole .136 Dia.(Typ. 4 Ples.) | 
: Dual a 
epi = eetiod Section Section "M48" +020 378 +010 


Notes: 
Model | Elect. Travel | Mech. Travel Dim “L” Dim“M43" | Dim “M4” The dimensions for “Wire Lead” models are the same as the 
Number Inch +.015 Inch +.030 Inch +.030 Inch +.020 Inch +.020 “Terminal” models, except as indicated. 
4xx-050 | 500 | 560 | 1415 | 1188 | 1.750 Housing, Brackets and Caps: Aluminum (Anodized). 
4XX-100 1000 | 1.060 1.915 | 1.688 2.250 Wire Leads: #26 lead wire, 12 inch minimum length 
4XX-200 2000 | 2.060 2.915 2688 | _ 3.250 (Meets MIL-W-16878C). 
4XX-300 3.000 | 3.060 | 3.915 3.688 | 4.250 * Dual Sections and Center Tap are available on special order only. 


4.100 i” 5.000 4688 | 5.250 Shafts: Stainless Steel (Passivated). Chamfer is .015 x 45°. 


4XX-500 5.100 6000 | 5688 | 6.250 . +.0000 
4XX-600 6100 | 7000 | ~~ 6.688 7.250 Diameter is 1248 © .0003 
Unspecified Tolerance: + .005. 
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SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Two Gangs (Dual Section) 2G 


ORDERING INFORMATION 


423 600 R 10K 15 L.25 XX 


Model Series | = Optional Special 
Electrical Travel Feature Code(s) 
Resistance Prefix —— Linearity 


: Optional 
Resistance Value Non- Standard Tolerance 


CIRCUIT DIAGRAM 


Green 
Single Brown (if req'd.) 


Section Yellow 
Red 


Shaft 
Extend 


White/Red y 


Section 
(if req'd.) 


White/Brn (if req'd.) , 
White/Green 


Dual White/Yellow A /\/\/\/\/\\ 
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SERIES 920, 930, 940 ce 


Precision Motor Potentiometers 


BI Motor Potentiometers use a precision potentiometer 
connected to a DC motor by a gear box and clutch. There 
are eight potentiometer types and 15 gear ratios available 


combined with a 10,700 RPM motor. 


In addition, motor potentiometers with special features 
such as center-taps, multi-taps, special shafts, and special 
gear ratios, etc., can be provided on special orders. 


Several potentiometer sections can be ganged on a single 


rotor potentiometer shaft. 


SPECIFICATIONS 


Motor Potentiometer Model 922 
Potentiometer Model 6671 
# of Turns 1 
Element Type Conductive 
Plastic 
Potentiometer Mounting Style Bushing 
Resistance Range, Ohms 1K-300K 
Diameter 2” 
Linearity +0.25% 
No. of Gangs, Max. 3 
Motor Potentiometer Model 933 
Potentiometer Model C 
# of Turns 2 
Element Type Wirewound 
Potentiometer Mounting Style Bushing 
Resistance Range, Ohms 100-100K 
Diameter 1-13/16" 
Linearity +0.5% 
>1KQ:0.20% 
No. of Gangs, Max. 3 


Refer to potentiometer data sheet for complete specifications. 
Specifications subject to change without notice. 
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927 929 931 
8146 8211 A 
10 1 10 
Hybrid Hybrid Wirewound 
Bushing Bushing Bushing 
1K-100K 1K-25K 10-500K 
7/8” 2” 1 -13/16” 
+0.25% +0.5% <300Q: +0.5% 
>300Q: +0.25% 
2 3 3 
936 937 949 
7283 7286 5611 
10 10 1 
Wirewound Wirewound Wirewound 
Servo Bushing Bushing 
100-100K 100-100K 1K - 50K 
7/8” 7/8” 2” 
<75Q:+0.50% +0.25% <50Q: +1.0% 
>50Q: +0.5% 
2 Z 3 
2-21 Model Series 920, 930, 940 


MOTOR SPECIFICATIONS 


Rotor Temperature, °C 

Input Voltage Range, V dc 

Input Voltage, Nominal, V de 

Power Input @ Stall (6 V dc), Watts 
No Load Current, mA 

Armature Resistance, Ohms 


No Load Speed @ Max. Volts, RPM 

No Load Speed (6.0 V dc, RPM) 

Mechanical Time constant @ Max. Supply Voltage, Sec. 
Starting Voltage, V dc 

Torque Constant, oz.-in. 

Torque Stall (6.0 V dc), oz.-in. Max. 

Torque Continuous Duty (Gear Box), oz.-in. Max. 


Moment of Inertia, 0z.-in. /Sec? 

Motor Pot Life Expectancy @ Rated Torque, Hours 

Slip Friction Setting, 0z.-in., Nominal 

Life Reduction per Load Torque Beyond Rating, Estimated Hours 


*|Input voltage in continuous stall and 22°C ambient. 


GEAR RATIO SPECIFICATIONS 


Output 
Speed (RPM) 


Gear Ratio (N) 


1,670:1 


310171 
O, roc. | 
10,683:1 
19,8131 
36,/96:1 
68,245:1 
126,741:1 
235,067:1 


** Direction of shaft rotation with “+” voltage to red lead. 
t Stocked ratios. 
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CORPORATION 


2-22 


Backlash 


22 

Vis to 9.0 
6.0* 

1.8 

<7 

20 
16,000 
10,700 
0.032 

0.3 

0.749 
0.22 

3 

5.6 x 10°6 
5,000 

12 

643 (T,°3) 


Direction(D)** 
CW 
CCW 
CCW 
CW 
CW 


Model Series 920, 930, 940 


OUTPUT SPEED VS. GEAR RATIO AT VARIOUS LOAD TORQUES 


$, Output Speed (RPM) 


2.5 IN-0Z 
0.0177N-M 


900 


(.73) (66) — (66) (59)  (.59)  (.53) 
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Gear Ratio (X:1) 


1670 3120 =§=5750 


(.53) (48) = (.48) 


Specific Ratios (Efficiency) 


2-23 


10.7K 19.8K 37K 68.2K 127K 235K 


(.43) — (.43) (.39)  (.39) — (.35) {.35) 


Model Series 920, 930, 940 


MODEL SERIES 920, 930, 940 OUTLINE DIMENSIONS (INCH/mm) 


Models 922, 929 & 949 
(Potentiometer Models 6671,8211 & 5611) 


Mounting Surface 


875+ .031 
22.2+0.79 


Locating Hole 
379 — 39 NEF +000 
406 * 129 pig x -063 Dee 
Thread .002 398 Dia. x35 eep 


Position as shown +5° 


Models 927 & 937 
(Potentiometer Models 8146 & 7286) 


~— Mounting Surface 
813+ 031 75° 
a ~~ 50.6+0.79 406 * pe Max. 7 


Lead Wires 


2.90 Min. Length eo). 25 


140 net’ Iencoks 379 _39 NEF Thread 
7 953° i 


Sections 


Model 931 
(Potentiometer Model A) 


—— Mounting Surface 


813+ .031 
.063 20.6+0.79 


1.59 375 
9.53 


Lead Wires 
9.90 jyj 
740 Min. Length , 


Sections 
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Model 933 
(Potentiometer Model C) 
Mounting Surface 


“A” Max. 813+ .031 
20.6+0.79 


= 2497 + 2000 | 
125 ny; 


; — .0003 pia, 
Lead Wires 3.18 Dia 


+0.000 
6.3424 
9-30 Min. Length 063 Locating Lug ~0.0076 


Model 936 
(Potentiometer Model 7283) 
Mounting Surface 


375+ 031 
9.52+0.79 


105° Max. 
~ 


.625 
169. Max. 


Lead Wires 
5.50 yj th 
+40 Min. Leng 
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ORPORATION 


MOTOR POT AND LOAD PERFORMANCE CALCULATIONS 


. To determine motor and load starting voltage: 


Gear ratio Efficiency 

Load inertia (oz. in.-sec2) 
Motor inertia (oz. in.-sec2) 
Total inertia at motor shaft (oz. in.-sec2) SnlVt T, 
Motor torque constant (02. in./A) °o= 6TSN Gs -) 
Gear ratio (N:1) 

Armature d-c resistance (ohms) . To determine gear ratio: 

No load motor speed at rated voltage (RPM) oA ae 
Slew velocity (RPM) N= 59, ( t+\N 1 oo 
Travel time (seconds) 

Load torque (0z. in.) Must include pot . To determine degrees traveled: 
Mechanical time constant (seconds) 

Motor stall torque at rated voltage (oz. in.) 0 = 6So[t-tm(1 + 2.72") 
Motor no load starting voltage (V dc) 

Start torque of motor and load V dc) . To determine mechanical time constant: 
Terminal voltage (V dc) 

Degrees traveled in 


. To determine slew velocity at terminal voltage: 


7 RaJt 
~ 7X10? Kt? 


JI 
Jt =Jm ta72 


ORDERING INFORMATION 


927 R5K T5 L.25 G485 


Model Series Gear Ratio 
Resistance Value Linearity 


Optional 
Non-Standard Tolerance 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 


the same number of significant figures as in the original DIMENSIONS 
English units and are provided for general information only. NCH ___ 
mm 


Tolerances unless otherwise specified: © -4- 
Linear = + .01 inches 
(.25mm) THIRD ANGLE 
Angular = + 2 degrees PROJECTION 
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MODEL 3371 
1-5/16” Diameter 

Single Turn 

Conductive Plastic 
Precision Potentiometer / 


Position Sensor 


Resistance Range, Ohms 
Standard Resistance Tolerance 


Distributor Item 


1K to 900K 


+10% 


Minimum Practical Resistance Tolerance 
Independent Linearity * 

Minimum Practical Independent Linearity 
Input Voltage, Maximum 

Power Rating, Watts 


+5% 


+0.5% 
+0.25% 
400V dc not to exceed power rating 


./5 at 65°C derating to 0 at 105°C 


Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Output Smoothness, Maximum 0.1% 
Actual Electrical Travel, Nominal 348° 
Electrical Continuity Travel, Minimum 300" 


End Voltage, Maximum 
Tap Tolerance 

Resolution 

Temperature Coefficient* * 


0.5% of Input Voltage 
0.5% of Input Voltage 
Essentially infinite 


—800 ppm/°C 


* Linearity is measured between 1% and 99% of input voltage. 
** Special tempco available to + 100ppm/C. 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range 


—25°C to +105°C 


Temperature Cycling 


9 cycles, -25°C to +105°C (10% AR 


Shock, 6ms Sawtooth 


100G’s (0.1ms discontinuity max. 


Vibration 


Moisture Resistance 


Five 24 hour cycles (25% AR 


High Temperature Exposure 


) 
) 
10G’s, 10 to 500 Hz (2% AR, 0.1ms discontinuity max.) 
) 
) 


Mechanical operation at 105°C (0.5% AR 


Rotational Life 


2 mil. shaft rev. 


Rotational Load Life 


Specifications subject to change without notice. 
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CORPORATION 


2 mil. shaft rev. (10% AR) 


2-27 


Model 3371 


Total Mechanical Travel 360° continuous (350° +2° with stop feature) 
Number of Gangs, Maximum 1 
Weight, Nominal 1.0.02. 
Shaft Runout, T.1.R., Maximum 0025” 
Pilot Diameter Runout, T.1.R., Maximum 0025” 
Lateral Runout, T.1.R., Maximum .003” 
Shaft Radial Play, Maximum .004” 
Shaft End Play, Maximum 007” 
Start/Run Torque, Maximum 1.0 0z.-in 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Flatted Shaft FS 
Slotted Shaft SS 
Shaft Lock SL 
Stop ST 
e Low noise 


e Excellent “output” smoothness 


STANDARD RESISTANCE VALUES, OHMS 


1K 2K 5K 10K 20K 50K 100K 
1 in. 25,4mm 1 02.-in. 0,007 N-m 
1 02. 28.4 gm 1 |b.-in. 0,113 N-m 


5 technologies 2.28 Model 3371 


CORPORATION 


OUTLINE DIMENSIONS 


Mounting Surface 


875 +.031 
22.2+0.79 


734 +.016 
18.6+0.41 


062 + .016 +0000 


1.58 +0.44 .2497 | 9993 


— 7 +0.000 74 


1.312 +.016 pj, 
33.33+0.44° °° 


CT When Specified / 


Chamfer 218 Max. x 45° 


0.41 Locating Lug: 


125 +.005 pig 
3.1820.13-" 


062 +.016 
T.58+0.41 


.375 +.016 3/8-32 UNEF Thread 


9.53 + 0.41 


ORDERING INFORMATION 


3371 R 10K T5 L.5 XX 


| 
Resistance Prefix ——————— 


Resistance Value 


Feature Code 


Model Series — | | — Optional Special 
| 


| Linearity 


Optional 
Non-Standard Tolerance 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original ___INCH 


English units and are provided for general information only. i 


THIRD ANGLE 
PROJECTION 


Tolerances unless otherwise specified: 
Linear = + .01 inches 
(.25mm) 
Angular = + 2 degrees 
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MODEL 3381 
1-5/16” Diameter 
Single Turn 

Conductive Plastic 
Precision Potentiometer/ 


Position Sensor 


Resistance Range, Ohms 


1K to 300K 


Standard Resistance Tolerance 


+10% 


Minimum Practical Resistance Tolerance 
Independent Linearity * 


+5 % 
+0.5% 


Minimum Practical Independent Linearity 


+0.25% 


Input Voltage, Maximum 
Power Rating, Watts 


400V dc not to exceed power rating 


2.0 at 70°C derating to 0 at 105°C 


Dielectric Strength 


1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Output Smoothness, Maximum 0.1% 
Actual Electrical Travel, Nominal 348° 
Electrical Continuity Travel, Minimum 390° 


End Voltage, Maximum 


0.5% of Input Voltage 


Tap Tolerance 


0.5% of Input Voltage 


Resolution 


Essentially infinite 


Temperature Coefficient ** 


—800 ppm/°C 


* Linearity is measured between 1% and 99% of input voltage. 
** Special tempco available to + 100ppm/C. 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range 


Static: -65°C to +125°C 
Dynamic: — 40°C to +125°C 


Temperature Cycling 


5 cycles, -65°C to +125°C (10% AR) 


Shock, 6ms Sawtooth 


100G’s (0.1ms discontinuity max. 


Vibration 


10G’s, 10 to 500 Hz (2% AR, 0.1ms discontinuity max. 


Moisture Resistance 


High Temperature Exposure 


Five 24 hour cycles (25% AR) 
Mechanical operation at 125°C (0.5% AR) 


Rotational Life 
Rotational Load Life 


Specifications subject to change without notice. 
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10 mil. shaft rev. 


~ 10 mil. shaft rev. (10% AR) 


2-31 


Model 3381 


Total Mechanical Travel 

Number of Gangs, Maximum 

Weight, Nominal 

Shaft Runout, T.1.R., Maximum 

Pilot Diameter Runout, T.I.R., Maximum 
Lateral Runout, T.1.R., Maximum 

shaft Radial Play, Maximum 

Start/Run Torque, Maximum 


SPECIAL FEATURE CODES 


Center Tap 
Linearity Tape 
Flatted Shaft 
Slotted Shaft 
stop 

Shaft Lock 


STANDARD RESISTANCE VALUES, OHMS 


1K 2K OK 10K 


METRIC CONVERSIONS 


1 in. 25,4mm 1 02.-in. 
1 02. 28.4 gm 1 Ib.-in. 
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360° continuous (350° +2° with stop feature) 
] 

Tad 02. 

0025” 

0025” 

.003” 

.004” 

1.0 02.-in. 


CT 
LT 
FS 
Shs) 
ST 
SL 


20K 90K 100K 


0,007 N-m 
0,113 N-m 


Model 3381 


OUTLINE DIMENSIONS 


~—*— Mounting Surtace 


 .067+.031 


0904.016 

‘when specified) 2,2920.14 - 
Chamfer x-;> Max. x 45° 

6:41 


375 +.016 _. 
9.53 + 0.14 
3/8-32 UNEF Thread 


ORDERING INFORMATION 


3381 R 10K T5 L.5 XX 


. L_ Optional Special 
Model Series Feature Code 


Resistance Prefix 
Linearity 


Resistance Value 


Optional 
Non-Standard Tolerance 


CIRCUIT DIAGRAM 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original INCH 
English units and are provided for general information only. 


mm 
Tolerances unless otherwise specified: 7 © _ FE} 7 
Linear = + .01 inches THIRD ANGLE 
(.25mm) PROJECTION 


Angular = + 2 degrees 
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CORPORATIO 


MODEL SERIES 5100 
es eae amide a 
Single Turn 
Wirewound 


Precision Potentiometer 


5101 1/8" Shaft, 3/8" Bushing 
5103 1/8" Shaft, Servo 
ae 
Resistance Range, Ohms 200 to 15K 
Standard Resistance Tolerance ; oo +5% 
Minimum Practical Resistance Tolerance - +2% 
Independent Linearity +0.5% 
Minimum Practical Independent Linearity +0.25% 
Power Rating, Watts 0.75 at 40°C derating to 0 at 85°C 
Dielectric Strength | | 1,000V rms 
Insulation Resistance, Minimum Oo 1,000 Megohms 
Noise, Maximum 100 Ohms 
Actual Electrical Travel OO 354° + 2° 
Tap Tolerance +2° <500 Ohms, +1° >500 Ohms 
End Voltage, Maximum ~ Within Std. Linearity Tolerance 
Operating Temperature Range —25°C to +85°C 
Temperature Cycling ~ --5 cycles, -25°C to +85°C 
Shock, 6ms Sawtooth Oe 100G’s 
Vibration — ———-40G’s, 10 to 500 Hz 
Humidity - _ Five 24 hour cycles 
Rotational Load Life 900K shaft rev. plus 900 hrs. at rated wattage at 40°C 


Specifications subject to change without notice. 


CORPORATION 


Bi technologies 2-35 Model Series 5100 


Total Mechanical Travel 360° Continuous 
Number of Cups, Maximum 4 
Weight, Nominal 0.5 oz. Single Cup 
0.3 oz. Each Added Cup 
Backlash Negligible 
Shaft End Play, Maximum .005" 
Shaft Runout, T.1.R., Maximum 0015" 
Pilot Diameter Runout, T.1.R., Maximum .002" 
Lateral Runout, T.1.R., Maximum .003" 
5101 9103 
Shaft Radial Play, Maximum .003" 0025" 
Start/Run Torque, Maximum 0.2 0z.-in. 0.2 0z.-in. 
Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 

1K 0.210 +20 ppm/°C 

2K 0.170 +20 ppm/°C 

5K 0.140 +20 ppm/°C 

0.110 +20 ppm/°C 

0.100 +20 ppm/°C 

1 in. 25,4mm 1 0z.-in. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 
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PORATION 


Dimensions shown are with 
1 cup, for each additional cup: 


increase “RS” by 2 
.500+.002 
12.7+0.05 


«pe» 1.200+.031 
ne 30.48+0.79 


<— “|” 700 


17.8 


~<— Mounting Surface 


105° Max. 


increase “L” by 


.000+.031 


| 


Ss 406 * 000 
8752016 5, arto “00-002  — 500+.016 
FBO AQ Mitemevncices +0.00 12,740.41 
10.3 7 
0.05 1 


Chamfer -216 Max. x 45° 
0.41 


3-32 UNEF Thread 


.200+.005 


6.352013 


«par 1.200+ .031 Dimensions shown are with 
RS 30.48+0.79 1 cup, for each additional cup: 


increase “RS” by oe 

ia x 500+ .002 
500+.031 increase “L” by 12.7+0.05 
12,740.79 


+ .0000 


es 
875+.016,.. | 7300_ 9005 875 +.005 


+0.0000%@ 59940, 13Dia. 


22.20.41 
i’ 0.0127 


Chamfer 216 Max. x 45° 
0.41 


062 +.005 


062+.005 4, ee 
15820.13 
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SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension a RS 
Flatted Shaft - | FS 
Slotted Shaft SS 


ORDERING INFORMATION 


9101 R 10K L.50 XX 


| - Optional Special 
| Feature Code 
| 


Model Series 


Resistance Prefix 


Linearity 


Resistance Value 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original __INCH | 
English units and are provided for general information only. mm 


Tolerances unless otherwise specified: 7 © El 


Linear = + .01 inches THIRD ANGLE 
(.25mm) PROJECTION 
Angular = + 2 degrees 
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MODEL 5311 
1-5/16” Diameter 
Single Turn 


Wirewound 


Precision Potentiometer 


Resistance Range, Ohms 10 to 44.6K 
standard Resistance Tolerance +3% (+5% <40 Ohms) 
Minimum Practical Resistance Tolerance +1% 
Independent Linearity +0.5% (+1% <250 Ohms) 
Minimum Practical Independent Linearity +1.0%, <40 Ohms 


+0./5%, 41-99 Ohms 
+0.5%, 100-249 Ohms 
+0.25%, 2250 Ohms 


Input Voltage 400V de not to exceed power rating 
Power Rating, Watts 2.0 at 40°C derating to 0 at 85°C 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum ; 1,000 Megohms 
Noise, Maximum 100 Ohms (250 Ohms: RT <500 Ohms) 
Actual Electrical Travel 352° +2 °Continuous model 
350° +2° Stop model 
Tap Tolerance +1° (+2° <100 Ohms) 
End Voltage, Maximum Linearity x Input Voltage 
Operating Temperature Range —29°C to +85°C 
Temperature Cycling 9 cycles, -25°C to +85°C (5% AR) 
Shock, 6ms Sawtooth 100G’s (0.1ms discontinuity max.) 
Vibration 10G’s, 10 to 500 Hz (5% AR, 0.1ms discontinuity max.) 
Moisture Resistance Five 24 hour cycles (3% AR) 
High Temperature Exposure 1,000 hours at 85°C (5%AR) 
Rotational Load Life 500K shaft rev. at rated wattage at 85°C (5% AR) 


Specifications subject to change without notice. 
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Total Mechanical Travel 360° Continuous model 
350° +2° Stop model 
Number of Gangs, Maximum 1 
Weight, Nominal 1.5 02. 
Static Stop Strength 48 0z.-in. 
Shaft End Play, Maximum .007” 
Shaft Runout, T.1.R., Maximum 0025” 
Pilot Diameter Runout, T.1.R., Maximum 025" 
Lateral Runout, T.1.R., Maximum 003” 
Shaft Radial Play, Maximum 004” 
Starting Torque, Maximum 1.0 02.-in. 
Running Torque, Maximum 0.7 0z.-in. 
Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 
10 0.491 + 20 ppm/°C 
100 0.233 + 20 ppm/°C 
500 0.187 + 20 ppm/°C 
1K 0.150 + 20 ppm/°C 
2K 0.117 + 20 ppm/°C 
5K 0.090 + 20 ppm/°C 
0.073 + 20 ppm/°C 
0.066 + 20 ppm/°C 
0.060 + 20 ppm/°C 
1 in. 29,4mm 1 02.-in. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 
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OUTLINE DIMENSIONS 


Mounting Surface 


675 + .031 
22.2+0.79 
.734+.016 
18.6+0.41 


.031 + .016 


062+.016 +0000 0.79+0.41 
1.58+0.41 2497 * 0003 py. | 


l 
| 
( 


1.312 +.016 pi, 
33.33+0.41-% 


| } 


CT When Specified: 


062 +.016 

158+0.41 Chamfer ee Max. x 45° Locating Lug: 
125 + .005 pi, 

S75 +016 ee UNEF Thread 3.18+0.13 


Center Tap CT 
Linearity Tape LT 
Flatted Shaft FS 
Slotted Shaft SS 
Shaft Lock SL. 
stop ST 


ORDERING INFORMATION 


Model Series ————— LL Optional Special 


Resistance Prefix Feature Code 
Resistance Value Linearity 


~ Optional 
Non-Standard Tolerance 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original INCH 
English units and are provided for general information only. mm 


Tolerances unless otherwise specified: © £-+ 
Linear = + .01 inches THIRD ANGLE 
(.25mm) PROJECTION 
Angular = + 2 degrees 
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MODEL SERIES 5400 
1-7/16” Diameter 
Single Turn 


Wirewound 


Precision Potentiometer 


5401 1/4" Shaft, 1/2" Bushing 
5403 1/4" Shaft, Servo 
il dike a a a 

Resistance Range, Ohms 25 to 50K 
standard Resistance Tolerance +5% 
Minimum Practical Resistance Tolerance +1% 
Independent Linearity +1.0%, <100 Ohms 

+0.5%, =100 Ohms 
Minimum Practical Independent Linearity | +1%, <100 Ohms” 


+0.5%, 100-1,999 Ohms 
+0.25%, 2K-9,999 Ohms 
+0.15%, >10K Ohms 


Power Rating, Watts 2.0 at 80°C derating to 0 at 125°C 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Noise, Maximum 100 Ohms 
Actual Electrical Travel 354° + 2° 
Tap Tolerance +1° 
End Voltage, Maximum Within Std. Linearity Tolerance 
Operating Temperature Range —65°C to +125°C 
Temperature Cycling 5 cycles, -65°C to +125°C (5% AR) 
Shock, 6ms Sawtooth 100G’s (0.1% ms discontinuity, max.) 
Vibration 15G’s, 10 to 2,000 Hz (5% AR, 0.1%ms discontinuity, max.) 
Humidity Ten 24 hour cycles (3% AR) 
High Temperature Exposure 1,000 hours at 125°C (5% AR) 
Rotational Load Life At rated wattage at 70°C (5% AR) 


9401: 500K shaft rev. plus 900 hrs. 
9403: 1 mil. shaft rev. plus 900 hrs. 


Specifications subject to change without notice. 
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Total Mechanical Travel 360° Continuous 
Number of Cups, Maximum 4 
Weight, Nominal 2.0 oz. Single Cup 

0.7 oz. Each Added Cup 
Backlash, Maximum Negligible 
Shaft End Play, Maximum .005" 


5401 9403 
Shaft Runout, T.1.R., Maximum .005" .001" 
Pilot Diameter Runout, T.1.R., Maximum .001" 0015" 
Lateral Runout, T.1.R., Maximum 0025" .004" 
Shaft Radial Play, Maximum 0015" .004" 
Starting Torque, Maximum (per gang) 1.6 02.-in. 0.6 0z.-in. 


Running Torque, Maximum (per gang) 0.8 oz.-in. 0.4 0z.-in. 


STANDARD RESISTANCE VALUES, OHMS 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


1K 0.125 +130 ppm/°C 
2K 0.106 +130 ppm/°C 
5K 0.081 +20 ppm/°C 
0.073 +20 ppm/°C 
0.059 +20 ppm/°C 


METRIC CONVERSIONS 


1 in. 25,4mm 1 02.-in. 0,007 N-m 
T 62. 28.4 gm 1 Ib.-in. 0,113 N-m 
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MODEL 5401 


«po» +.031 
i +0.79 


lhe —— 


Mounting Surface 


100° Max. 


14374016 y.. 570n. “i 1.270+.005 5; 
36.5020.410% 745Dia 2497 * Doo3 32.2620.130% 


+0.000° ~ 
6.342 © 0.008 


531+ .016 A 
1/2-32 NS Thread 13.5+0.41 ° 
Locating Hole 


129+ .005 p; 062+ .015 
954.008 589, 3.0840.13 -* * 1.58+0.38 D6? 
375+.016 Positioned as shown + 5° 
Soe 012 | 2808 anit ar O81 
—+| 22090 | 
65.15+0.36 | _77.85 


+ 0000 
1.437+.016 pin 570 1.9129 _ "0005 pj, 1.437+.005 5.5 


36.5010.41-° 145 _ 0.0000" 34.5040.13 
9.036 | Ona 


| 23.4 


a 8 in Chamfer O08 Max. x 45° 
25.2+0.20 | .093+.005 

38.84+0.25 51.54 1.58+0.13 

52.48+0.31 | 65.18 3 

66.12+0.36 | 78,82 
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SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape _ LT 
Rear Shaft Extension RS 
Flatted Shaft FS 
Slotted Shaft oO 


ORDERING INFORMATION 


0401 R 10K L.50 XX 
PF] tf Optional Special 
| | } | ———— Optional Specia 
Model Series | Feature Code 


Resistance Prefix | 


- Linearity 


Resistance Value 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original 
English units and are provided for general information only. 


DIMENSIONS 
<___ INCH 
mm 
Tolerances unless otherwise specified: x - -£-+- 
Linear = + .01 inches 


(.25mm) THIRD ANGLE 
Angular = + 2 degrees PROJECTION 
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MODEL SERIES 5610 


2” Diameter 
Single Turn 
Wirewound 


Precision Potentiometer 


5611 1/4" Shaft, 3/8" Bushing 
5613 1/4" Shaft, Servo 
Resistance Range, Ohms 15 to 80K 
Standard Resistance Tolerance | . 5% 
Minimum Practical Resistance Tolerance +1.0% 
Independent Linearity +1.0% <50 Ohms 

+0.5% >50 Ohms 
Minimum Practical Independent Linearity +1.0%, <50 Ohms 


+0.5%, 50-499 Ohms 
+0.25%, 500-4,999 Ohms 
+0.1%, 25K Ohms 


Power Rating, Watts 3.5 at 70°C derating to 0 at 125°C 
Dielectric Strength 1,000V rms" 
Insulation Resistance, Minimum 7 1,000 Megohms 
Noise, Maximum 100 Ohms 
Actual Electrical Travel 7 356° + 1° 
Tap Tolerance +1° 
End Voltage, Maximum Linearity x Input Voltage 
Operating Temperature Range Static: -65°C to +125°C 
Dynamic: —40°C to +125°C 
Temperature Cycling 5 cycles, -65°C to +125°C (10% AR) 
Shock, 6ms Sawtooth 90G’s (0.1ms discontinuity max.) 
Vibration 15G’s, 10 to 2,000 Hz (5% AR, 0.1ms discontinuity max.) 
Moisture Resistance Ten 24 hour cycles (3% AR) 
High Temperature Exposure 1,000 hours at 125°C (5% AR) 
Rotational Life 1 Mil. Shaft Rev. 
Rotational Load Life 1 mil. shaft rev. at rated wattage at 70°C (5% AR) 


Specifications subject to change without notice. 


51 technologies 2-47 Model Series 5610 


CORPORA es 


Total Mechanical Travel 360° Continuous 
Number of Gangs, Maximum 4 
Weight, Nominal 3.7 0z. Single Gang 

1.3 oz. Each Added Gang 
Backlash, Maximum ii 
Shaft End Play, Maximum .005” 


5611 9613 
Shaft Runout, T.1.R., Maximum 0005” 001” 
Pilot Diameter Runout, T.1.R., Maximum 002” 0015” 
Lateral Runout, T.1.R., Maximum 004” .006” 


shaft Radial Play, Maximum 004” .002” 
starting Torque, Maximum (per gang) 1.5 0z.-in. 0.8 02z.-in. 
Running Torque, Maximum (per gang) 1.1 02.-in. 0.6 0z.-in. 


MODEL 5611 (BUSHING MOUNT WITH SLEEVE BEARING) 


Mounting Surface 


.875 + .031 
~~ 22,2 +0,79 


+.0000 


6.34070 000 


2.000 +.016 = | 
50,80+0,41 sore Oa 


.531+.016 R. 
13,5+0,41 


Locating Hole 
129+ .005 pig x .062+.016 Deep 


Chamfer aa Max. x 45° 3,28+0,13 1,58+0,41 
.875+.016 Positioned as shown + 5° 


53041 3/832 UNEF Thread 


51 technologies 2-48 Model Series 5610 


CORPORATION 


MODEL 5613 (SERVO MOUNT WITH BALL BEARING) 


1.020 =.015 
25,91 + 0,38 


1.582 +.017 2.08 
40,18+0,43} 52, 


2.144 +.019 
ei, 54,46 + 0,48 


2.706 + .021 
68,73+0,53| 81.43 


~— Mounting Surface 


.625 + .031 90° Max. 


+. + .0000 


Chamfer aye Max. x 45° 


.093 + .005 
2,36 +0,13 


METRIC CONVERSIONS 


1 in. 25,4mm 1 02z.-in. 0,007 N-m 
1.02, 28.4 gm 1 Ib.-in. 0,113 N-m 


iT | technologies 2-49 Model Series 5610 


CORPORATION 


STANDARD RESISTANCE VALUES, OHMS 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


1K 0.089 *+130 ppm/°C 
2K 0.071 *+130 ppm/°C 
5K 0.058 +20 ppm/°C 
0.053 +20 ppm/°C 
0.043 +20 ppm/°C 
0.040 + 20 ppm/°C 
0.040 + 20 ppm/°C 


* Lower tempco available as a non-standard model (consult factory) 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension RS 
Flatted Shaft FS 
Slotted Shaft oo 
Shaft Lock (5611 only) SL 
Additional Gangs 2G or 3G or 4G 


ORDERING INFORMATION 


0611 


Model Series | i Optional Special 


Resistance Prefix Feature Code 
Resistance Value Linearity 


Optional 
Non-Standard Tolerance 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original DIMENSIONS 


English units and are provided for general information only. Mee 


Tolerances unless otherwise specified: _ © = ff 
Linear = + .01 inches | 
(.25mm) THIRD ANGLE 
Angular = + 2 degrees PROJECTION 


5 technologies 2-50 Model 5610 


CORPORATION 


MODEL SERIES 5710 
3” Diameter 

Single Turn 

Wirewound 


Precision Potentiometer 


5711 1/4" Shaft, 1/2" Bushing 
5/13 1/4" Shaft, Servo 
See | 
Resistance Range, Ohms 20 to 145K 
Standard Resistance Tolerance +5% 
Minimum Practical Resistance Tolerance +1% 
Independent Linearity +0.5% 
Minimum Practical Independent Linearity +0.5%, </5 Ohms 


+0.25%, 75-249 Ohms 
+0.15%, 250-6,999 Ohms 
+0.075%, >/7K Ohms 


Power Rating, Watts 9.0 at 40°C derating to 0 at 105°C 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Noise, Maximum 100 Ohms 
Actual Electrical Travel Joo +1° 
Tap Tolerance +1° 
End Voltage, Maximum Within Std. Linearity Tolerance 
Operating Temperature Range —65°C to +105°C 
Temperature Cycling 5 cycles, -65°C to +105°C 
Shock, 6ms Half Sine 100G’s 
Vibration 9G’s, 10 to 500 Hz 
Moisture Ten 24 hour cycles 
High Temperature Exposure 1,000 hours at 105°C 
Rotational Life 1 Mil. Shaft Rev. 
Rotational Load Life 1 mil. shaft rev. plus 900 hrs. at rated wattage at 40°C 


Specifications subject to change without notice. 


51 technologies 2-51 Model Series 5710 


CORPORATION 


Total Mechanical Travel 360° Continuous 
Number of Cups, Maximum 4 
Weight, Nominal 5.8 0z. Single Cup 
1.3 0z. Each Added Cup 

Backlash, Maximum as 
Shaft End Play, Maximum .005” 
0/11 9713 

Shaft Runout, T.1.R., Maximum 0005” .001” 
Pilot Diameter Runout, T.1.R., Maximum .002” 0015” 
Lateral Runout, T.1.R., Maximum 004” ao) i 
Shaft Radial Play, Maximum 004” .002” 
Starting Torque, Maximum 1.5 0Z.-in. 1.3 02z.-in. 
Running Torque, Maximum 1.2 02z.-in. 0.7 02z.-in. 


STANDARD RESISTANCE VALUES, OHMS 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


1K 0.062 +130 ppm/°C 


2K 0.050 +130 ppm/°C 
5K 0.038 +130 ppm/°C 
0.031 +130 ppm/°C 
0.027 +130 ppm/°C 
0.024 + 20 ppm/°C 
0.022 + 20 ppm/°C 


METRIC CONVERSIONS 


1 in. 29,4mm 1 02.-in. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 


535i technologies 2-52 Model Series 5710 


CORPORATION 


1.482+.031 
37.64+0.79 


.982+.020 
24.9+0.51 


3,000+.016 ,. 
76.2010.41 D2 


= 1,020+.015 
“| 25.9140.38 


3,000+.016,. 
76.2040,41 D2 


51 technologies 


Dimensions shown are with 

1 cup, for each st cup: 

“5° by 062 

increase “RS” by 143 
.562+.002 


Mounting Surface [Pease 1 'Y 14.3:0.05 


—— 


_* Min. 
. 2497+ js. | 


——— Dia. 
1.500+.031 6.342 + 9.000 


~"38.10+0.79 ~ 0.008 


1.375+.016 Di 
34.93+0.41 


Chamfer 


016 Max. x 45° 
0.41 


1/2-32 NS Thread 


.000+.016 
12.740.41 


13.5+0.41 


Dimensions shown are with 

1 cup, for each se cup: 
+ “ ” 5 

increase “RS” by 143 

. as .562+.002 
increase “L” by 14.3+0.05 


| 


3,000+.005 ,. 
76.2040.130% 


.625+.031 
15.940.79 


016 Max. x 45° 
0.41 


093+ .005 
2.36+0.13 


062+ .005 
1.58+0.13 


2-53 


CORPORATION 


031+ .016 


Locating Hole 
129+ .005 Dia 
3.28+0.13 ~~~ 1.58+0.41 
Positioned as shown + 5° 


x 062+ .016 


Deep 


Model Series 5710 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape - oO | i 
Rear Shaft Extension - RS 
Flatted Shaft oe ; FS 
Slotted Shaft — Oo = | Do 
Anti-Fungus Treatment — . oe AF 


ORDERING INFORMATION 


5711 R 10K L.50 XX 
| 


Model Series —————_ | — Optional Special 


| Feature Code 
Resistance Prefix ————— 


Resistance Value ———— Linearity 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original seal aia 
English units and are provided for general information only. fal 
Tolerances unless otherwise specified: ©- 
Linear = + .01 inches THRO ANEKE 
(.25mm) 
Angular = + 2 degrees PROJECTION 


258 technologies 2-54 Model Series 5710 


ORPORATION 


MODEL 6163 
7/8” Diameter 
Single Turn 


Conductive Plastic 


Precision Potentiometer / 


Position Sensor 


Resistance Range, Ohms 1K to 100K 
Standard Resistance Tolerance a +10% 
Minimum Practical Resistance Tolerance 45% 
Independent Linearity* OS +1.0% 
Minimum Practical Independent Linearity oe : +0.5% 
Input Voltage, Maximum | 7 400V dc not to exceed power rating 
Power Rating, Watts 7 1.0 at 70°C derating to 0 at 125°C 
Dielectric Strength a : 750V rms 
Insulation Resistance, Minimum — 4,000 Megohms 
Output Smoothness, Maximum | 0.1% 
Actual Electrical Travel, Nominal ooo” 
Electrical Continuity Travel, Minimum . | - 350° 
End Voltage, Maximum 0.5% of Input Voltage 
Resolution Essentially infinite 
Temperature Coefficient* * —800 ppm/°C 


* Linearity is measured between 1% and 99% of input voltage. 
** Special tempco available to +100ppm/°C. 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range Static: -65°C to +125°C 

Dynamic: —40°C to +125°C 
Temperature Cycling . 5 cycles, -65°C to +125°C (10% AR) 
Shock, 6ms Sawtooth . 100G’s (0.1ms discontinuity max.) 
Vibration 10G’s, 10 to 500 Hz (2% AR, 0.1ms discontinuity max.) 
Moisture Resistance Five 24 hour cycles (10% AR) 
High Temperature Exposure 1,000 hours at 125°C (0.5% AR) 
Rotational Life | 25 mil. shaft rev. 
Rotational Load Life | © mil. shaft rev. at rated wattage at 70°C (10% AR) 


Specifications subject to change without notice. 


551 technologies 2-55 Model 6163 


CORPORATION 


Total Mechanical Travel 360° continuous 
Number of Gangs, Maximum 1 
Weight, Nominal 0.46 oz. 
Shaft Runout, T.1.R., Maximum .003” 
Pilot Diameter Runout, T.1.R., Maximum .003” 
Lateral Runout, T.1.R., Maximum .003” 
Shaft Radial Play, Maximum 005” 
start/Run Torque, Maximum 0.5 0z.-in. 
1K 2K 5K 10K 20K 50K 


OUTLINE DIMENSIONS 


Mounting Surface 


.995 +.015 ; 
15.1+0. i. ustment Slot een ane 
032 +. 032+. 
500 = 031 Oat =0.13 VX gat zo.13 DP 
12.40.79 
-500 
12,7 
Max. 


7509 + 9000 
—.0005 Dia. fey Dia. 


19.050 _ 9197 


“a 
.062 + .005 .010 +.005 ° —.0003 pn; 
1.58+0.13 Chamfer 02520,73M% «x 45 51797 80H Dia. 
062 +.005 . 
T.58+0.13 


062 + .005 
1.58+0.13 


METRIC CONVERSIONS 


1 in. 29,4mm 1 02.-in. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 


58 technologies 2-56 Model 6163 


CORPORATION 


SPECIAL FEATURE CODES 


Linearity Tape LT 
Flatted Shaft FS 
Slotted Shaft SS 


ORDERING INFORMATION 


6163 R 10K T5 L1.0 XX 
L_ Optional Special 


Feature Code 


Model Series 


Resistance Prefix 


Resistance Value Linearity 


Optional 
Non-Standard Tolerance 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original sige 


English units and are provided for general information only. —— 


Tolerances unless otherwise specified: © Z -}- 
Linear = + .01 inches 
(.25mm) THIRD ANGLE 


Angular = + 2 degrees PROJECTION 


551 technologies 2-57 Model 6163 


‘ORPORATION 


251 technologies 


2-58 


MODEL 6173 

7/8” Diameter 

Single Turn 

Conductive Plastic 
Precision Potentiometer / 


Position Sensor 


Resistance Range, Ohms 


1K to 100K 


Standard Resistance Tolerance 


+10% 


Minimum Practical Resistance Tolerance 


+5% 


Independent Linearity * 


+0.5% 


Minimum Practical Independent Linearity 


+0.25% 


Input Voltage, Maximum 


400V dc not to exceed power rating 


Power Rating, Watts 


1.0 at 70°C derating to 0 at 125°C 


Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Output Smoothness, Maximum 0.1% 
Actual Electrical Travel, Nominal odo 
Electrical Continuity Travel, Minimum 346° 


Tap Tolerance 


0.5% of input voltage 


End Voltage, Maximum 


0.5% of Input Voltage 


Resolution 


Essentially infinite 


Temperature Coefficient* * 


* Linearity is measured between 1% and 99% of input voltage. 
** Special tempco available to +100ppm/°C. 


—800 ppm/°C 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range 


Static: -65°C to +125°C 
Dynamic: —40°C to +125°C 


Temperature Cycling 


5 cycles, -65°C to +125°C (10% AR) 


Shock, 6ms Sawtooth 


100G’s (0.1ms discontinuity max. 


Vibration 


Moisture Resistance 


Ten 24 hour cycles (10% AR 


High Temperature Exposure 


) 
15G’s, 10 to 500 Hz (2% AR, 0.1ms discontinuity max.) 
) 


1,000 hours at 125°C (0.5% AR 


Rotational Life 


25 mil. shaft rev. 


Rotational Load Life 


o mil. shaft rev. + 900 hrs. at rated wattage at 70°C (10% AR) 


Specifications subject to change without notice. 


558 technologies 


CORPORATION 


2-59 Model 6173 


Total Mechanical Travel 
Number of Gangs, Maximum 
Weight, Nominal 


Shaft Runout, T.!.R., Maximum 


Pilot Diameter Runout, T.1.R., Maximum 


Lateral Runout, T.!.R., Maximum 


Shaft Radial Play, Maximum 


Start/Run Torque, Maximum (per gang) 


STANDARD RESISTANCE VALUES, OHMS 


1K 2K 


SPECIAL FEATURE CODES 


10K 


Center Tap 
Linearity Tape 


Rear Shaft Extension 


Flatted Shaft 
Slotted Shaft 


Additional Gangs 


20K 


METRIC CONVERSIONS 


1 in. 


1 02. 


i technologie 


ORPORATION 


1 02.-in. 
1 Ib.-in. 


2-60 


360° continuous 

4 

0.92 oz. Single gang 

0.6 oz. Each added gang 
.001” 

.001” 

.002” 

001” 

0.5 0z.-in. 


90K 


CT 
LT 
RS 
FS 
SS 
2G or 3G or 4G 


0,007 N-m 


0,113 N-m 


Model 6173 


OUTLINE DIMENSIONS 


Dim. “L” Dim. “RS”. 


Mounting Surface 


160 4: 
706 Min. 


500 + .031 
12.7+0.79, 


891 +.016 
22.6+0.41 


062 + .005 


1.58+0.13 
es 062 + .005 


— 


Resistance Prefix 


0003p; 
sma + 0.00002! 


3.1699 


— 0.0076 


Resistance Value 


5 technologies 


CORPORATION 


105° Max. 


22.2+0.13 


—— Optional Special 
Feature Code 


Linearity 


2-61 


© Optional 
Non-Standard Tolerance 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original 
English units and are provided for general information only. 


Tolerances unless otherwise specified: 
Linear = + .01 inches 
(.25mm) 
Angular = + 2 degrees 


DIMENSIONS 
= INCH ~ 
mm 
THIRD ANGLE 
PROJECTION 


Model 6173 


5 technologies 2-62 


MODEL SERIES 6180 
7/8” Diameter 

Single Turn 

Conductive Plastic 
Precision Potentiometer / 


Position Sensor 


6181 
6186 


Distributor Item 


1/8” Shaft, 1/4” Bushing 


1/8” Shaft, 3/8” Bushing 


6187 


1/4” Shaft, 3/8" Bushing | 


Resistance Range, Ohms 
Standard Resistance Tolerance 


1K to 100K 


+10% 


Minimum Practical Resistance Tolerance 


+5% 


Independent Linearity ~ 


+1.0% 


Minimum Practical Independent Linearity 
Input Voltage, Maximum 


a +0.5% 
A400V dc not to exceed power rating 


Power Rating, Watts 


Dielectric Strength 


1.0 at 70°C derating to 0 at 125°C 
750V rms 


Insulation Resistance, Minimum 


1,000 Megohms 


Output Smoothness, Maximum 


0.1% 


Actual Electrical Travel, Nominal 


340° (300° with stop feature) 


Electrical Continuity Travel, Nominal 
End Voltage, Maximum 


350° (320° with stop feature) 
0.5% of input voltage 


Resolution 


Essentially Infinite 


Temperature Coefficient* * 


-800 ppm/°C 


* Linearity is measured between 1% and 99% of input voltage. 
** Special tempco available to +100ppm/°C. 


Specifications subject to change without notice. 


5 technologies 


CORPORATION 


2-63 


Model Series 6180 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range 


Temperature Cycling 
Shock, 6ms Sawtooth 
Vibration 

Moisture Resistance 

High Temperature Exposure 
Rotational Life 

Rotational Load Life 


Total Mechanical Travel 
Number of Gangs, Maximum 
Weight, Nominal (single gang) 


Backlash, Maximum 

Static Stop Strength 

Panel Nut Tightening Torque, Maximum 
Start/Run Torque, Maximum 


STANDARD RESISTANCE VALUES, OHMS 


Static: -65°C to +125°C 

Dynamic: —40°C to +125°C 

5 cycles, -65°C to +125°C (10% AR) 

100G’s (0.1ms discontinuity max.) 

10G’s, 10 to 500 Hz (2% AR, 0.1ms discontinuity max.) 
Five 24 hour cycles (25% AR) 

1,000 hours at 125°C (0.5% AR) 

9 mil. shaft rev. 

9 mil. shaft rev. (10% AR) 


360° (320° +3° with stop feature) 
] 
0.53 02. 
4° 
40 02z.-in. 
25 Ib.-in. 
1.0 oz.-in. 


1K 2K 5K 20K 50K 
1 in. 20,4mm 1 02.-in. 0,007 N-m 
1 02 28.4gm 1 Ib--in. 0,113 N-m 
@ 
55 technologies 2-64 Model Series 6180 


MODEL 6181 


Mounting Surface 


875 + .031 


220,7 +.0000 
1248 0005 p., 
3,1699 * 0,0000~ * Adjustment Slot 
eo —0,0127 032 + 005/0,813 + 0,127 Wide x 
032 + .010/0,813 + 0,254 Deep 


.187 +.016 p 
4,75+0,41 * 


.016/0,41 Max. x 45° 


W-32 UNEF Thread Anti-Rotation Pin 
.060 + .005/1,524 + 0,127 Dia. 
er on .290 + .005/7 366 + 0,127 Radius 
312+. extends .040 + .010/1,016 + 0,254 
7,93+0,41 from Mounting Surface 


Model 6186] Model 6187 


+.0000 +.0000 
1248 0005 | -2497 0005 


3.1699 +9.0000 | 6.3424 +0.0000 Mounting Surtace 


875 + 031 


Dim. “A” Dia. Adjustment Siot 
032 + .005/0,813 + 0,127 Wide x 
032 + .010/0,813 + 0,254 Deep 


Chamter 
.016/0,41 Max. x 45° 


Ye-32 UNEF Thread Anti-Rotation Pin 
060 + .005/1,524 + 0,127 Dia. 
on .290 + .005/7 366 + 0,127 Radius 
375 + .016 extends .040 + .010/1,016 + 0,254 
9.53+0.41 from Mounting Surface 


iT | technologies 2-65 Model Series 6180 


CORPORATION 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Shaft Lock SL 
Stop ST 


ORDERING INFORMATION 


6187 


Model Series | Le Optional Special 


Resistance Prefix Feature Code 


Resistance Value Linearity 


Optional 
Non-Standard Tolerance 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original DIMENSIONS 
English units and are provided for general information only. 


Tolerances unless otherwise specified: 
Linear = + .01 inches 


(.25mm) THIRD ANGLE 
Angular = + 2 degrees PROJECTION 


551 technologies 2-66 Model Series 6180 


CORPORATION 


MODEL 6273 
1-1/16” Diameter 

Single Turn 

Conductive Plastic 
Precision Potentiometer / 


Position Sensor 


Resistance Range, Ohms 1K to 900K 
Standard Resistance Tolerance | oe +10% 
Minimum Practical Resistance Tolerance +5% 
Independent Linearity* | +0.5% 
Minimum Practical Independent Linearity - _ +0.15% 
Input Voltage, Maximum ~ A400V de not to exceed power rating 
Power Rating, Watts 1.5 at 70°C derating to 0 at 125°C. 
Dielectric Strength _ 1,000V rms 
Insulation Resistance, Minimum - 1,000 Megohms 
Output Smoothness, Maximum oo | 0.1% 
Actual Electrical Travel, Nominal . 340° 
Electrical Continuity Travel, Minimum 346° 
Tap Tolerance OS 0.5% of input voltage 
End Voltage, Maximum 0.5% of input voltage 
Resolution | —  Eggentially infinite 
Temperature Coefficient** ~800 ppm/°C 


* Linearity is measured between 1% and 99% of input voltage. 
** Special tempco available to +100ppm/°C. 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range static: -65°C to +125°C 

Dynamic: —40°C to +125°C 
Temperature Cycling 9 cycles, -65°C to +125°C (10% AR) 
shock, 6ms Sawtooth 100G’s (0.1ms discontinuity max.) 
Vibration 15G’s, 10 to 2,000 Hz (2% AR, 0.1ms discontinuity max.) 
Moisture Resistance Ten 24 hour cycles (10% AR) 
High Temperature Exposure 1,000 hours at 125°C (0.5% AR) 
Rotational Life a 25 mil. shaft rev. 
Rotational Load Life o mil. shaft rev. at rated wattage at 70°C (10% AR) 


Specifications subject to change without notice. 
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CORPORATION 


Total Mechanical Travel 360° continuous 


Number of Gangs, Maximum | - 4 
Weight, Nominal 1.0 0z. Single gang 
a a a | 0.7 oz. Each added gang 
shaft Runout, T.1.R., Maximum ee 001” 
Pilot Diameter Runout, T.1.R., Maximum - a . a | 001” 
Lateral Runout, T.I.R., Maximum . ae 7 | 002" 
shaft Radial Play, Maximum oe oe | 001” 
start/Run Torque, Maximum (per gang) . 0.5 02z.-in. 
1K | 2K _ : OK a 10K | 20K 30K 
CenterTap _ CT 
Linearity Tape : ; LT 
Rear shaft Extension, : a : _ a - | | RS 
Flatted Shaft re _ a FS 
Slotted shaft BS OS OS 7 . SS 
Additional Gangs a | 2G or 3G or 4G 
! in. OB 7 20,4mm 1 0z.-in. 7 a 0,007 N-m 
1 oz. ; BC 28.4 gm 1 Ib.-in. a 7 0,113 N-m 


258 technologies 2-68 Model 6273 


CORPORATION 


OUTLINE DIMENSIONS 


Dim. “L’ | Dim. “RS” 


~—— Mounting Surface 


500 + .031 6 


CCW . 
124g + -0000 Slider 
te" = .0003 pia CW 
3.170 + 0-000 
—0.008 


Clamp 


9688 + .0000 
‘ —.0005 Dia. 1.062+.005 Dia 


—0.013 | 


Chamter <1 Max. x 45° 


O10 R Max. 
062.005 . 0.25 
1.58+0.13 


—_ 


062+.005_ 
1.58 + 0.13 


062 + .005 
1.58+0.13 


eel 


ORDERING INFORMATION 


Model Seri | | | ; | Optional Special 
nme ee Feature Code 


Resistance Prefix 


Linearity 


Resistance Value 


Optional 
Non-Standard Tolerance 


CIRCUIT DIAGRAM 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original INCH 
English units and are provided for general information only. = mm > 


Tolerances unless otherwise specified: . ©- -£-4- 
Linear = + .01 inches 
THIRD ANGLE 
(.25mm) PROJECTION 


Angular = + 2 degrees 
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CORPORATION 


558 technologies 2-70 


MODEL SERES 6370 


1-5/16” Diameter 

Single Turn 

Conductive Plastic 
Precision Potentiometer / 


Position Sensor 


e Anodized Aluminum Housing 


e Front and Rear Ball Bearings 


6371 


1/4” Shaft, 3/8” Bushing 


6373 


1/4” Shaft, Servo 


Resistance Range, Ohms 1K to 300K 
Standard Resistance Tolerance +10% 
Minimum Practical Resistance Tolerance +9 % 
Independent Linearity * +0.5% 
Minimum Practical Independent Linearity +0.1% 


Input Voltage, Maximum 


~ 400V dc not to exceed power rating 


Power Rating, Watts 


2.0 at 70°C derating to 0 at 125°C 


Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Output Smoothness, Maximum 0.1% 
Actual Electrical Travel, Nominal 348° 
Electrical Continuity Travel, Minimum 350° 


End Voltage, Maximum 


0.35% of Input Voltage 


Tap Tolerance 


0.5% of Input Voltage 


Resolution 


Essentially infinite 


Temperature Coefficient* * 


—800 ppm/°C 


* Linearity is measured between 1% and 99% of input voltage. 
** Special tempco available to +100ppm/°C. 
Specifications subject to change without notice. 


558 technologies 


CORPORATION 


2-71 


Model Series 6370 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range 


Static: -65°C to +125°C 
Dynamic: -40°C to +125°C 


Temperature Cycling 
shock, 6ms Sawtooth 


Vibration 
Moisture Resistance 


5 cycles, -65°C to +125°C (10% AR) 


100G’s (0.1ms discontinuity max. 


15G’s, 10 to 2,000 Hz (2% AR, 0.1ms discontinuity max. 


High Temperature Exposure 


Rotational Load Life 


1,000 hours at 125°C (0.5% AR 


) 
) 
Ten 24 hour ur cycles (10% AR) 


5 mil. shaft rev. +900 hrs. at rated wattage at 70°C (10% AR 


Total Mechanical Travel 


360° continuous 


Number of Gangs, Maximum 1 
Weight, Nominal 2.0 oz. 
Shaft Runout, T.I.R., Maximum 001” 
Pilot Diameter Runout, T.1.R., Maximum 0015” 
Lateral Runout, 7.!.R., Maximum 002” 
Shaft Radial Play, Maximum 002” 
Start/Run Torque, Maximum 0.7/0.5 0z.-in. 


STANDARD RESISTANCE VALUES, OHMS 


1K 2K a OK 


10K 


METRIC CONVERSIONS 


1 in. 25,4mm 


1 02. 28.4 gm 


551 technologies 


CORPORATION 


1 02.-in. 


1 Ib.-in. 


20K 


90K 


0,007 N-m 


0,113 N-m 


Model Series 6370 


Mounting Surface 


875+ .031 
32.2+0.79 


1.312* 016 p;, 
.625+ .005 33.33+0.41 ~~ 
15.9+0.13 =a ; 


500+ .016 
12.7+0.41 


Chamfer ie Max. x 45° 
ere 125 .016 3/8-32 UNEF Thread . 
3.18+0.41 Locating Lug 


125+.005 p; 
375.016 3.1820.13 0 
9.53+0.41 


+0.41 


Mounti f 
1.062+.031 ounting Surface 


500+ .031 
750 12.7+0.79 
79 7 Max. 


562+.005 _ 
14.30.13 


1.312+.016, £ 
33.3320.41 7 y__ A 


Chamfer awe Max. x 45° 


.062 + .005 | 
CT (If required) 7.58+0.13 seat 
ee 8+0.13 


.062+ .005 
1.58+0.13 


HT | technologies 2-73 Model Series 6370 


SPECIAL FEATURE CODES 


Center Tap 


Linearity Tape 
Flatted Shaft 


Slotted Shaft 
Rear Shaft 


shaft Lock (6371 only) 


ORDERING INFORMATION 


6371 R 10K T5 L.50 XX 
ee 


Model Series 
Resistance Prefix 
Resistance Value 


CIRCUIT DIAGRAM 


55 technologies 


CORPORATION 


—— Optional Special 
Feature Code 


Linearity 


Optional 
Non-Standard Tolerance 


Tolerances unless otherwise specified: 
Linear = + .01 inches 
(.25mm) 
Angular = + 2 degrees 


CT 
LT 
FS 
SS 
RS 
SL 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original 
English units and are provided for general information only. 


-4- 


2-74 Model Series 6370 


MODEL SERIES 6670 


2” Diameter 


Single Turn 
Conductive Plastic 
Precision Potentiometer / 


Position Sensor 


6671 1/4” Shaft, 3/8” Bushing 
6673 1/4” Shaft, Servo 
oe eee 
Resistance Range, Ohms 1K to 300K 
Standard Resistance Tolerance* +10% 
Minimum Practical Resistance Tolerance +3% 
Independent Linearity * * +0.25% 
Minimum Practical Independent Linearity 40.1% 
Input Voltage, Maximum A400V dc not to exceed power rating 
Power Rating, Watts 3.5 at 70°C derating to 0 at 125°C 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum - 1,000 Megohms 
Output Smoothness, Maximum : 0.1% 
Actual Electrical Travel, Nominal 350° 
Electrical Continuity Travel, Minimum 394° 
Tap Tolerance 0.5% of input voltage 
End Voltage, Maximum Within standard linearity tolerance, not less than .25% 
Resolution Essentially infinite 
Temperature Coefficient* ** . —800 ppm/°C 


* Tighter tolerances available. 

** Linearity is measured between 1% and 99% of input voltage. 
*** Special tempco available to +100ppm/°C. 

Specifications subject to change without notice. 


HT | technologies 2-75 Model Series 6670 


CORPORATION 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range 


Temperature Cycling 
Shock, 6ms Sawtooth 
Vibration 


Static: -65°C to +125°C 
Dynamic: —40°C to +125°C 


5 cycles, -65°C to +125°C (10% AR) 


100G’s (0.1ms discontinuity max. 


15G’s, 10 to 2,000 Hz (2% AR, 0.1ms discontinuity max. 


Moisture Resistance 
High Temperature Exposure 
Rotational Life 


Rotational Load Life 


) 
) 
Ten 24 hour cycles (10% AR) 
1,000 hours at 125°C (0.5% AR) 

25 mil. shaft rev. 


9 mil. shaft rev. + 900 hrs. at rated wattage at 70°C (10% AR) 


Total Mechanical Travel 


Number of Gangs, Maximum 


Weight, Nominal 


shaft Runout, T.1.R., Maximum 

Pilot Diameter Runout, T.1.R., Maximum 
Lateral Runout, T.1.R., Maximum 

Shaft Radial Play, Maximum 

start/Run Torque, Maximum (per gang) 


STANDARD RESISTANCE VALUES, OHMS 


1K 2K OK 


10K 


SPECIAL FEATURE CODES 


Center Tap 


Linearity Tape 


360° continuous 


4 


4.0 oz. Single gang 

1.5 0z. Each added gang 
001” 

0015” 


.005" 
.002” 


20K 


Rear Shaft Extension 


Flatted Shaft 

Slotted Shaft 

shaft Lock (6671 only) 
Additional Gangs 


METRIC CONVERSIONS 


1 in. 25,4mm 1 02.-in. 
1 02. 28.4 gm 1 Ib.-in. 


Bi technologies 


CORPORATION 


1.5/1.0 0z.-in. 


90K 


CT 
LT 
RS 
FS 
SS 
SL 
2G or 3G or 4G 


0,007 N-m 
0,113 N-m 


Model Series 6670 


ee No.of _ 


22,9 + 0,51 
1.467 + 0.22 
37,26 + 0,56 
2.029 + 0.24 
51,54 + 0,61 
2.091 + 0.26 
65,81 + 0,66 


Mounting Surface 
. 875 + .031 
22,2+0,79 


= Dia. 


6,342 "9008 


531 +.016 R 
352041 * 


758+041 
3/8-32 UNEF Thread Positioned as shown + 6° 


\. Locating Hole a 
Chamter 078 Max. x 46° aoe ST Ola x 062 + .01 Deep 


551 technologies 2-77 Model Series 6670 


CORPORATION 


MODEL 6673 (SERVO MOUNT WITH BALL BEARING) 


Dim. “L” Dim. “RS” 
1.020 + .015 
29,91 + 0,38 
1.582 + 0.17 
40,18 + 0,43 
2.144+0.19 
04,46 + 0,48 
2./06 + 0.21 
68,73 + 0,53 


Mounting Surface 


625 + .031 
15.9+0.79 


2.000 +.005 
50.80 + 0.13 
2.000 + .016 
50.80 +0.44 


.016 * 
Chamfer 6 47 Max. x 45 


.093 + .005 

2.36+0.13 
.062 + .005 = 
1.58+0.13 


ORDERING INFORMATION 


TS L.25 XX 
L_ Optional Special 


Feature Code 


Model Series - 


Resistance Prefix 


Linearity 


Resistance Value - 


Optional 
Non-Standard Tolerance 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original DIMENSIONS 


English units and are provided for general information only. INCH 
mm 


Tolerances unless otherwise specified: 
Linear = + .01 inches 


(.25mm) THIRD ANGLE 
Angular = + 2 degrees PROJECTION 


5 technologies 2-78 Model Series 6670 


CORPORATION 


MODEL SERIES 7200 
7/8” Diameter 
10-Turn 


Wirewound 


Precision Potentiometer/ 


Position Sensor 


7216, 7221 Bushing Mount, Sleeve Bearing 
7223 oe _ Servo Mount, Ball Bearing 
la 
Resistance Range, Ohms 10 to 125K 
Standard Resistance Tolerance +3% 
Minimum Practical Resistance Tolerance | +1% 
Independent Linearity | +0.25% 
Minimum Practical Independent Linearity +0.25%, < 20 Ohms 


+0.15%, 21-49 Ohms 
+0.10%, 50-99 Ohms 
+0.075%, 100-999 Ohms 
+0.05%, >1K Ohms 


Power Rating, Watts 2.0 at 70°C derating to 0 at 125°C 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Noise, Maximum . 7 _ 100 Ohms 
Actual Electrical Travel 3600° + 10°- 0°, > 25 Ohms 

3600° + 10° - 5°, < 25 Ohms 
Tap Tolerance +5°, <20 Ohms 


+3°, 21-49 Ohms 

+2°, >50 Ohms 

End Voltage, Maximum (% of input voltage) 0.5%, <100 Ohms 
0.25%, =100 Ohms 


This model available in a hybrid version — contact factory for details. 
Specifications subject to change without notice. 


551 technologies 2-79 Model Series 7200 


CORPORATION 


ENVIRONMENTAL (MIL-R-39023) 


Operating Temperature Range Static: -65°C to +125°C 
Dynamic: —40°C to +125°C 
Temperature Cycling 5 cycles, -65°C to +125°C (5% AR) 
shock, 6ms Sawtooth 90G’s (0.1ms discontinuity max.) 
Vibration 15G’s, 10 to 2,000 Hz (5% AR, 0.1ms discontinuity max.) 
Moisture Resistance Ten 24 hour cycles (3% AR) 
High Temperature Exposure 1,000 hours at 125°C (5% AR) 
Rotational Load Life 2 mil. shaft rev. + 900 hrs. at rated wattage at 70°C (5% AR)* 


* Model 7216 - Rotational Load Life = 1 mil. shaft rev.+900 hrs. at rated wattage at 70°C (5% AR) 


Total Mechanical Travel 3600° + 10° — 0° 
Number of Gangs, Maximum 2 
Weight, Nominal (single gang) 1.25 oz. 
static Stop Strength 128 02z.-in. 
Backlash, Maximum 1.5° 
7216 7221 7223 
Panel Nut Tightening Torque, Maximum 20 |b.-in. 20 |b.-in. N/A 
Shaft End Play, Maximum 0085” 005” .005” 
shaft Runout, T.1.R., Maximum 001” 001” 001” 
Pilot Diameter Runout, T.1.R., Maximum 001” 001” 0015” 
Lateral Runout, T.1.R., Maximum 003” 003” 003” 
shaft Radial Play, Maximum 003” .003” .002” 
otart/Run Torque, Maximum (per gang) 0.6 oz.-in/ 0.5 0z.-in. 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 
10 0.083 + 800 ppm/°C ** 
29 0.055 + 800 ppm/°C ** 
50 0.048 + 800 ppm/°C ** 
100 0.040 + 800 ppm/°C ** 
200 0.033 + 800 ppm/°C ** 
500 0.031 + 20 ppm/°C 
1K 0.028 + 20 ppm/°C 
2K 0.025 + 20 ppm/°C 
OK 0.020 + 130 ppm/°C ** 
0.018 + 130 ppm/°C ** 
0.016 + 130 ppm/°C ** 
0.012 + 20 ppm/°C 
0.011 + 20 ppm/°C 


** Lower tempco available as a special model. 


55 technologies 2-80 Model Series 7200 


CORPORATION 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension RS 
Flatted Shaft FS 
Slotted Shaft SS 
Shaft Lock (7216, 7221 only) OL 
Additional Gangs 2G 


ORDERING INFORMATION 


7216 R 10K T2 L .25 XX 


Model Series ot | Le Optional Special 


Resistance Prefix Feature Code 
Resistance Value Linearity 


Optional Non- 
Standard Tolerance 


MATCHING TURNS COUNTING DIALS 


7216: 2606, 26068, 2607, 2607S, 2626, 2627, 2646, 2646S, 2647, 2647S, 2157, 2167, RB 
7221: RBJ, 2601, 2641 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original a 
English units and are provided for general information only. <¢ ar 


Tolerances unless otherwise specified: © -€}- 
Linear = + .01 inches 
(.25mm) THIRD ANGLE 


PROJECTION 


Angular = + 2 degrees 


Bi fechnolo les 2-81 Model Series 7200 


CORPORATION 


MODEL 7216 & 7221 (BUSHING MOUNT WITH SLEEVE BEARING) 


1.832 +.020* 
*9g = 9.200 + 0.30 46.53+0.51 MOUNTING SURFACE 


~ 81.28 + 0.76 ‘evens 
A457 =. 
«*9g - 2.829 + 0.16 37.01 +0.23 
~ 71.76 + 0.41 


+ .0000 
1248 ~ 0005 
~~, DIA 
—O.0127 


.016/0.41 MAX X 45 875+.016 nq 


22.2+0.41 


312 ~.016 
7.93+0.41 


| DIM | 7221 7216 
A 688 + .031 812 + .031 


17.475 + 0.787 20.625 + 0.787 


| =D | 1/4-32UNEF THREAD | 3/8 - 32 UNEF THREAD 


METRIC CONVERSIONS 


1 in. 25,4mm 1 02.-in. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 


5 technologies 2-82 Model Series 7200 


CORPORATION 


MODEL 7223 (SERVO MOUNT WITH BALL BEARING) 


1.946 + .020 * 


& 3.314 + .030 49.43 + 0.51 
2G = B4 1840.76 MOUNTING SURFACE 


375 +.031 
«+9q ~ 2:939 + 015 9.53+0.79 
TSO 2038 1.571 +.009 * 
39.90 +0.23 
SLIDER CW 
z—~<-CCW g 


ti 
t 
875+ .016 ——-__ DIA 875+.005 
22.220.410" vo 7 15.875 90D 92.20.1304 
: a ee 2 


181 
062 +.005 19,9 DIA MAX 


1.58+0.13 


CHAMFER — .016/0.406 MAX X 45° 
125+ .005 


3.18+0.13 062 +.005 


1.58+0.1 


AT | technologies 2-83 Model Series 7200 


CORPORATION 


25 technologies 2-84 


CORPORATIO! 


MODEL 7246 
7/8” Diameter cana 
10-Turn 


Wirewound 


Precision Potentiometer 


Resistance Range, Ohms 10 to 125K 
Standard Resistance Tolerance +5% 
Minimum Practical Resistance Tolerance 7  £3% 
Independent Linearity oe +0.25% 
Minimum Practical Independent Linearity +0.25%, <100 Ohms 

+0.15%, > 100 Ohms 
Power Rating, Watts . 2.0 at 25°C derating to 0 at 85°C 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum | 1,000 Megohms 
Noise, Maximum | | 100 Ohms 
Actual Electrical Travel 3600° + 10° — 0° 
Tap Tolerance +5°, <20 Ohms 


+3°, 21-50 Ohms 

+2°, >50 Ohms 

End Voltage, Maximum (% of input voltage) —— 0.5%, <100 Ohms 
0.25%, =100 Ohms 


This model available in a hybrid version — contact factory for details. 


ENVIRONMENTAL (MIL-R-12934) 


Operating Temperature Range —25°C to +85°C 
Temperature Cycling 5 cycles, —-25°C to +85°C (10% AR) 
Shock, 6ms Sawtooth 50G’s (0.1ms discontinuity max.) 
Vibration 10G’s, 10 to 500 Hz (2% AR, 0.1ms discontinuity max.) 
Moisture Resistance Five 24 hour cycles (25% AR) 
High Temperature Exposure Mechanical Operation at 85°C (0.5% AR) 
Rotational Load Life 1 mil. shaft rev. (10% AR) 


Specifications subject to change without notice. 


551 technologies 2-85 Model 7246 


CORPORATION 


Total Mechanical Travel 3600° + 10° - 0° 
Number of Gangs, Maximum | 
Weight, Nominal 1a20 OZ, 
Static Stop Strength 60 0z.-in. 
Backlash, Maximum Ze. 
Panel Nut Tightening Torque, Maximum 209 |b.-in. 
Shaft End Play, Maximum 015” 
Shaft Radial Play, Maximum 005” 
Start/Run Torque, Maximum 0.8 / 0.6 0z.-in. 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


10 0.083 + 800 ppm/°C * 
50 0.048 + 800 ppm/°C * 
100 0.040 + 800 ppm/°C * 
200 0.033 + 800 ppm/°C * 
500 0.031 +20 ppm/°C 
1K 0.028 +20 ppm/°C 
2K 0.025 +20 ppm/°C 
OK 0.020 +130 ppm/°C * 
0.018 +130 ppm/°C * 
20K 0.016 +130 ppm/°C * 
0.012 +20 ppm/°C 
0.011 +20 ppm/°C 


* Lower tempco available as a special model. 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension RS 
Flatted Shaft FS 
Shaft Lock SL 


5 technologies 2-86 Model 7246 


CORPORATION 


OUTLINE DIMENSIONS 


1.828 +.031 i MOUNTING SURFACE 
46 43+0,79 

.812+.031 

20,6+0,79 


625 
159 R MAX 


SLOT 
.032 + .005 


WIDE 
05813 +0,127 


032 +.010 


~ 000 
+0000 — 
1248 * 9005 0,813 +0,254 
3. 1699 + 2.0000 ~0,000 
1699" 99197 ago +000 ANGULAR LOCATION 


AMFER 
—.010 pp 016/0,41 MAX X 45° OPTIONAL 
1,575 + 0.00 A= O18 nia 
— 0,28 9-32 UNEF THREAD tr 


.312+.016 
7,93+0,41 


ORDERING INFORMATION 


7246 R 10K T2 L.25 XX 
TTT T 1 Lumera gece 
—— Optional Special 

| | Feature Code 


Model Series 
Resistance Prefix 
Resistance Value 


Linearity 


Optional 
Non-Standard Tolerance 


MATCHING TURNS COUNTING DIALS 


2606, 2606S, 2607, 2607S, 2626, 2627, 2646, 2646S, 2647, 26475, 2126, 2157, 2167, RB 


CIRCUIT DIAGRAM NOTES ‘ 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original INCH 
English units and are provided for general information only. mm 


Tolerances unless otherwise specified: 7 © 4. 


Linear = + .01 inches THIRD ANGLE 
(25mm) PROJECTION 
Angular = + 2 degrees 


551 technologies 2-87 Model 7246 


CORPORATION 


251 technologies 2-88 


MODEL 7274, 7276 
7/8” Diameter 

Plastic 10-Turn 
Wirewound 


Precision Potentiometer 


7274 


Distributor Item 


6mm Shaft, 3/8” Bushing 


7276 


1/4” Shaft, 3/8” Bushing 


Resistance Range, Ohms 100 to 100K 
Standard Resistance Tolerance - +5% 
Independent Linearity +0.25% 
Power Rating, Watts 2.0 at 25°C derating to 0 at 105°C 
Dielectric Strength - 1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Noise, Maximum 100 Ohms 
Actual Electrical Travel 3600° + 10° - 0° 
Tap Tolerance +3° 
End Voltage, Maximum (% of input voltage) 0.25% 


ENVIRONMENTAL (MIL-R-12534) 


Operating Temperature Range 


Temperature Cycling 


-25°C to +105°C 


5 cycles, -25°C to +105°C (5% AR 


Shock, 6ms Sawtooth 


100G’s (0.1ms discontinuity max. 


Vibration 


10G’s, 10 to 500 Hz (5% AR, 0.1ms discontinuity max. 


Moisture Resistance 


High Temperature Exposure 


~ 1,000 hours at 105°C (5% AR 


Rotational Load Life 


) 
) 
) 
Five 24 hour cycles (3% AR) 
) 
) 


500K shaft rev. + 900 hrs. at rated wattage at 25°C (5%AR 


Specifications subject to change without notice. 
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CORPORATION 


2-89 


Model 7274, 7276 


Total Mechanical Travel 3600° + 15° — 0° 
Number of Gangs, Maximum ] 
Weight, Nominal 0.42 02. 
Static Stop Strength, Maximum 60 0z.-in. 
Backlash, Maximum Zz 
Panel Nut Tightening Torque, Maximum 8 |b.-in. 
Shaft End Play, Maximum .010” 
Shaft Radial Play, Maximum 010” 
Start/Run Torque, Maximum 1.5 0z.-in. 
Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 
100 0.059 +20 ppm/°C 
200 0.037 +20 ppm/°C 
500 0.030 +20 ppm/°C 
1K 0.024 +20 ppm/°C 
2K 0.020 +20 ppm/°C 
5K 0.018 +20 ppm/°C 
0.017 +20 ppm/°C 
20K 0.016 +20 ppm/°C 
0.010 +20 ppm/°C 
0.009 +20 ppm/°C 
1 in. 25,4mm 1 02.-in. 0,007 N-m 
1.02. 28.4 gm 1 Ib.-in. 0,113 N-m 


i technologies 2-90 Model 7274, 7276 


CORPORATION 


DIM A 


2362 + .0000 
~'0020 

600+ 0,00 >" 
~0.05 


.249 + .001 
6.33 + 0.03 rare 


ADJUSTMENT SLOT 

pale 19+ ae WIDE X 
+.015 +Q, 

.063 ~ 000!" 60 — 0'00 DEEP X 


195 +.015/4,95 +0.38 LONG 
75° 


te 


ecm fF eee 


ee 


ae 3 


3/8 — 32 UNEF THREAD 


312+.016 
~~ 793+0,41 


SLIDER 


625 R MAX 
15.9 R MAX 


Use Special Feature Code “FT” to order. 


55 technologies 


CORPORATION 


ANTI-ROTATION PIN 


060 + .005/1,52 +0,13 DIA 

ON .290 +.005/7,37 + 0,13 RADIUS. 
EXTENDS .040 +.010/1,02+0,25 
FROM MOUNTING SURFACE 


875+.016 
59.940 4A 


062 + .003 
1.524 + .076 


Enlarged View B 


2-91 Model 7274, 7276 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Flatted Shaft FS 
Shaft Lock SL 
Gold Plated Solder Lug Terminals (see optional terminal configuration) FT 


ORDERING INFORMATION 


7276 


10K L .25 


R 
Model Series I | | Linearity 


Resistance Prefix | Resistance Value 


MATCHING TURNS COUNTING DIALS 


2606, 2606S, 2607, 26075, 2626, 2627, 2646, 2646S, 2647, 26475, 2126, 2157, 2167, RB 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original «NCH dys 
English units and are provided for general information only. as 


Tolerances unless otherwise specified: © 


Linear = + .01 inches THIRD ANGLE 
(.25mm) PROJECTION 


Angular = + 2 degrees 


531 technologies 2-92 Model 7274, 7276 


CORPORATION 


MODEL SERIES 7280 
7/8” Diameter 
10-Turn 


Wirewound 


Precision Potentiometer 


7281 1/8” Shaft, 1/4” Bushing 
7283 _ 1/8” Shaft, Servo 
7284, 0—COtt”™” a ; 6mm Shaft, 3/8” Bushing 
7286 1/4” Shaft, 3/8” Bushing 


Resistance Range, Ohms 100 to 100K 
Standard Resistance Tolerance a +5% 
Minimum Practical Resistance Tolerance : — +1% 
Independent Linearity 7 +0.25% 
Minimum Practical Independent Linearity +0.15%, < 300 Ohms 
+0.075%, > 300 Ohms 

Power Rating, Watts 2.0 at 70°C derating to 0 at 125°C 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum -_ : 1,000 Megohms 
Noise, Maximum BS 100 Ohms 
Actual Electrical Travel 3600° + 10° - 0°, > 100 Ohms 
3600° + 10° - 5°, < 100 Ohms 

Tap Tolerance +3° 
End Voltage, Maximum 0.25% of input voltage 


Specifications subject to change without notice. 
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CORPORATION 


ENVIRONMENTAL (MIL-R-12534) 


Operating Temperature Range Static: -55°C to +125°C 

Dynamic: —40°C to +125°C 
Temperature Cycling 5 cycles, -55°C to +125°C (5% AR) 
shock, 6ms Sawtooth 100G’s (0.1ms discontinuity max.) 
Vibration 15G’s, 10 to 2,000 Hz (5% AR, 0.1ms discontinuity max.) 
Moisture Resistance Five 24 hour cycles (3% AR) 
High Temperature Exposure 1,000 hours at 125°C (5% AR) 
Rotational Load Life 1 mil. shaft rev. + 900 hrs. at rated wattage at 70°C (5% AR) 


Total Mechanical Travel 3600° + 15° — 0° 
Number of Gangs, Maximum 2 
Weight, Nominal (single gang) 0.75 02. 
Backlash, Maximum 1° 

7281, 7284, 7286 7283 
static Stop Strength 60 0z.-in. 36 02z.-in. 
Panel Nut Tightening Torque, Maximum 20 |b.-in. N/A 
Shaft End Play, Maximum 010” 005” 
Shaft Runout, T.1.R., Maximum 003” 002” 
Pilot Diameter Runout, T.1.R., Maximum 004” 002” 
Lateral Runout, T.1.R., Maximum 005” 004” 
Shaft Radial Play, Maximum 003” 002” 
start/Run Torque, Maximum (per gang) 0.8 02z.-in. 0.6 0z.-in. 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


100 0.059 +20 ppm/°C 
200 0.037 +20 ppm/°C 
500 0.030 +20 ppm/°C 
1K 0.024 +20 ppm/°C 
2K 0.020 +20 ppm/°C 
5K 0.018 +20 ppm/°C 
0.017 +20 ppm/°C 
0.016 +20 ppm/°C 
0.010 +20 ppm/°C 
0.008 +20 ppm/°C 


HF | technologies 2-94 Model Series 7280 


CORPORATION 


MODEL 7281, 


7284 & 7286 (BUSHING MOUNT WITH SLEEVE BEARING) 


812 + .031 
20,625 + 0,787 
+0.0000 


+0. 0000 
6,0000 0.0127 


1/4 - 32 UNEF Thread 3/8 - 32 UNEF Thread 


MOUNTING SURFACE 
1.125 2.031 as a 
28°58 + 0.79 
~«—DiM A 


750 +.016 
91+041 


: 
t 080.001 pia 


2.03 = 0.03 


SLIDER 


.625 R MAX 
15.9 R MAX 


Use Special Feature Code “FT” to order. 
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CORPORATION 


812 + .031 
20,625 + 0,787 


+0.0000 
2500 9.9005 


6 3509 +0,0000 Dia. 


-0,0127 


2-95 


3/8 - 32 UNEF Thread 


ce .032 + .005/0,813 = 0,127 WIDE X 
2+.010 —.000/0,813 + 0,254 — 0,000 DEEP 
iNOT ON REAR SHAFT MODELS) 


110 
2.794 


.060 + .003 
1.524 + .076 


062 + .003 
1.524 + .076 


Enlarged View B 


Model Series 7280 


MODEL 7283 (SERVO MOUNT WITH BALL BEARING) 


1.250 +.031 MOUNTING SURFACE 


31,/5+0,79 
3/5 +.031 

9,53+0,79 

875 + .016 
22,2+0,41 


781 
aigeg DIA MAX 
+.0000 


+0,0000 
3,1699 " 9'0076 


875+.016 CHAMFER 
22,2+0,41 ; CLAMP 


HOUSING DIA . . 922 bia MAX 


23,4 


110 
2.794 


060+.003 .. 
15042 076 


.625 R MAX 
15.9 R MAX 


1.524 + .076 


Enlarged View B 
Use Special Feature Code “FT” to order. 


METRIC CONVERSIONS 


1 in. 25,4mm 1 0z.-in. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 


551 technologies 2-96 Model Series 7280 


CORPORATION 


SPECIAL FEATURE CODES 


Center Tap 

Linearity Tape 

Rear Shaft Extension (7283, 7286 single cup only) 

Flatted Shaft 

Slotted Shaft (Standard on single cup 7286 without RS) 

Shaft Lock (7281, 7286 only) 

High Torque, 2-6 0z.-in. (7286 only) 

Additional Gangs 

Gold Plated Solder Lug Terminals (See Optional Terminal Configuration) 


ORDERING INFORMATION 


7286 R 10K T2 L .25 XX 


Model Series Optional Special 
Resistance Prefix | Feature Code 
Resistance Value Linearity 


Optional 
Non-Standard Tolerance 


MATCHING TURNS COUNTING DIALS 


7281: RBJ, 2601, 2641 
7286: 2606, 2607, 2626, 2627, 2646, 2647, 2157, 2126, 2167, 26065, 260758, 2646S, 26475, RB 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original 
English units and are provided for general information only. 


DIMENSIONS 
INCH 
mm 


Tolerances unless otherwise specified: . © --}- 
Linear = + .01 inches 
(.25mm) THIRD ANGLE 


PROJECTION 


Angular = + 2 degrees 


55 technologies 2-97 Model Series 7280 


CORPORATION 


51 technologies 2-98 


MODEL SERIES 7380 
7/8” Diameter 
3-Turn 


Wirewound 


Precision Potentiometer 


7381 1/8” Shaft, 1/4” Bushing 
7383 1/8” Shaft, Servo 
7386 1/4” Shaft, 3/8” Bushing 
ee 

Resistance Range, Ohms 100 to 30K 
standard Resistance Tolerance +5% 
Minimum Practical Resistance Tolerance +1% 
Independent Linearity +0.25%, +0.50% 
Minimum Practical Independent Linearity +0.30%, < 500 Ohms 
+0.20%, >500 Ohms 

Power Rating, Watts 1.5 at 70°C derating to 0 at 125°C 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Noise, Maximum | 100 Ohms 
Actual Electrical Travel 1080° + 10° -0°, > 100 Ohms 
1080° + 10° - 5°, < 100 Ohms 

Tap Tolerance +3° 
End Voltage, Maximum 0.25% of input voltage 


Specifications subject to change without notice. 


558 technologies 2-99 Model Series 7380 


CORPORATION 


ENVIRONMENTAL (MIL-R-12534) 


Operating Temperature Range Static: -55°C to +125°C 
Dynamic: —40°C to +125°C 

Temperature Cycling 5 cycles, -55°C to +125°C (5% AR) 
shock, 6ms Sawtooth 100G’s (0.1ms discontinuity max.) 
Vibration 15G’s, 10 to 2,000 Hz (5% AR, 0.1ms discontinuity max.) 
Moisture Resistance Five 24 hour cycles (3% AR) 
High Temperature Exposure 1,000 hours at 125°C (5% AR) 
Rotational Load Life 300K shaft rev. + 900 hrs. at rated wattage at 70°C (5% AR) 

ee ge 

Total Mechanical Travel 1080° + 15° — 0° 
Number of Gangs, Maximum 2 
Weight, Nominal (single gang) 0.75 02. 
Backlash, Maximum 1° 
7381, 7386 7383 

Static Stop Strength 60 0z.-in. 36 02z.-in. 
Panel Nut Tightening Torque, Maximum 20 |b.-in. N/A 
Shaft End Play, Maximum DIY’ .005” 
Shaft Runout, T.1.R., Maximum 003” 002” 
Pilot Diameter Runout, T.1.R., Maximum 004” .002” 
Lateral Runout, T.1.R., Maximum 005” 004” 
Shaft Radial Play, Maximum 003” 002” 
start/Run Torque, Maximum (per gang) 1.2 02z.-in. 0.9 0z.-in. 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


100 0.059 +20 ppm/°C 
200 0.037 +20 ppm/°C 


500 0.030 +20 ppm/°C 
1K 0.024 +20 ppm/°C 
2K 0.020 +20 ppm/°C 
5K 0.018 +20 ppm/°C 
0.017 +20 ppm/°C 
0.016 +20 ppm/°C 


iT | fechnolo ies 2-100 Model Series 7380 


CORPORATION 


MODEL 7381 & 7386 (BUSHING MOUNT WITH SLEEVE BEARING) 


| si i7381— (it; | 8GC‘Ci‘*z*YS 


_ 688 + .031 _ 812+ 031 | 
17,475 + 0,787 20,625 + 0,787 


| D_ | 1/4-32 UNEF THREAD | 3/8 - 32 UNEE THREAD 
MOUNTING SURFACE 


(NOT ON REAR SHAFT MODE: LS) 


.110 


2.794 
SLIDER 


625 RMAX 060 + .003 
15.9 R MAX ES 1524 +076 


1.524 + .076 


Use Special Feature Code “FT” to order. Enlarged View B 


HT | technologies 2-101 Model Series 7380 


CORPORATION 


MODEL 7383 (SERVO MOUNT WITH BALL BEARING) 


1.250 +.031 MOUNTING SURFACE 


31,75+0,79 
375+.031 
9,53+0,79 
875+ .016 


22,2+0,41 781 DIA MAX 
198 


~ +.0000 


00 
3,1 16997 ~0'0076 


2,03 +0.03 


‘ CHAMFER 
EA pa MIN 016/0,406 MAX X 45° 
HOUSING DIA 062 + .005 a DIA MAX 


“et 13 23,4 
(Oe =. 00s Pali 


OPTIONAL TERMINAL CONFIGURATION 


110 
2.794 


.060 + .003 
1.524 + .076 
.625 R MAX 
15.9 R MAX 
062 + .003 
1.524 + .076 


. Enlarged View B 
Use Special Feature Code “FT” to order. 


METRIC CONVERSIONS 


1 in. 25,4mm 1 0Z.-in. | 0,007 N-m 
1 02. 28.4 gm 1 |b.-in. 0,113 N-m 


5 technologies 2-102 Model Series 7380 


CORPORATION 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension RS 
Flatted Shaft FS 
Slotted Shaft (Standard on single cup 7386 without RS) SS 
Shaft Lock (7381, 7386 only) SL 
High Torque, 2-6 0z.-in. (7386 only) HT 
Additional Gangs 2G 
Gold Plated Solder Lug Terminals (See Optional Terminal Configuration) FT 


ORDERING INFORMATION 


Model Series | ——— Optional Special 
Resistance Prefix | Feature Code 
Resistance Value a, Linearity 


Optional 
Non-Standard Tolerance 


MATCHING TURNS COUNTING DIALS 


7381: RBJ, 2601, 2641 
“7386: RB, 2126, 2157, 2167, 2606, 2606S, 2607, 26075, 2626, 2627, 2646, 2646S, 2647, 26475 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original 
English units and are provided for general information only. 


Tolerances unless otherwise specified: 
Linear = + .01 inches 
(.25mm) 
Angular = + 2 degrees 


CORPORATION 


DIMENSIONS 
INCH 
mm 


THIRD ANGLE 
PROJECTION 


551 technologies 2-103 Model Series 7380 


2-104 


CORPORATION 


i technolog 


MODEL SERIES 7480 
7/8” Diameter 

5-Turn 

Wirewound 


Precision Potentiometer 


7481 a 1/8” Shaft, 1/4” Bushing 
7483 1/8” Shaft, Servo 
7486 1/4” Shaft, 3/8” Bushing 


Resistance Range, Ohms 7 7 100 to SOK 
Standard Resistance Tolerance ; +5% 
Minimum Practical Resistance Tolerance +1% 


Independent Linearity 


+0.25%, +0.30% 


Minimum Practical Independent Linearity 


+0.25%, < 500 Ohms 
+0.20%, > 500 Ohms 


Power Rating, Watts 


1. oO at 70°C derating to 0 at 125°C 


Dielectric Strength ; _ 1,000V rms 
Insulation Resistance, Minimum ; 1,000 Megohms 
Noise, Maximum 100 Ohms 


Actual Electrical Travel 


1080° + 10°-0°, > 100 Ohms 
1080° + 10°- 5°, < 100 Ohms 


Tap Tolerance 


ao: 


End Voltage, Maximum 


0.29% of input voltage 


ENVIRONMENTAL (MIL-R-12934) 


Operating Temperature Range 


Static: -55°C to +125°C 
Dynamic: —40°C to +125°C 


Thermal Shock 


o cycles, -99°C to +125°C (5% AR) 


Shock, 6ms Sawtooth 


100G’s (0.1ms discontinuity max. 


Vibration 


15G’s, 10 to 2,000 Hz (5% AR, 0.1ms discontinuity max. 


Moisture Resistance 


High Temperature Exposure 


1,000 hours at 125°C (5% AR 


Rotational Load Life 


Specifications subject to change without notice. 


) 
Five 24 hour cycles (3% AR) 
) 
) 


O00K shaft rev. + 900 hrs. at rated wattage at 70°C (5% AR 


iT | technologies 2-105 Model Series 7480 


CORPORATION 


Total Mechanical Travel 1800° + 15° — 0° 
Number of Gangs, Maximum 2 
Weight, Nominal (single gang) 0.75 oz. 
Backlash, Maximum i 

7481, 7486 7483 
Static Stop Strength 60 0z.-in. 36 02z.-in. 
Panel Nut Tightening Torque, Maximum 20 |b.-in. N/A 
Shaft End Play, Maximum .010” 005” 
Shaft Runout, T.1.R., Maximum 003” 002” 
Pilot Diameter Runout, T.1.R., Maximum 004” 002” 
Lateral Runout, T.1.R., Maximum 005” .004” 
Shaft Radial Play, Maximum .003” .002” 
Start/Run Torque, Maximum (per gang) 1.2 0z.-in. 0.9 oz.-in. 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


100 0.059 +20 ppm/°C 
200 0.037 +20 ppm/°C 
500 0.030 +20 ppm/°C 
1K 0.024 +20 ppm/°C 
2K 0.020 +20 ppm/°C 
5K 0.018 +20 ppm/°C 

0.017 +20 ppm/°C 

0.016 +20 ppm/°C 


55 technologies 2-106 Model Series 7480 


CORPORATION 


MODEL 7481 & 7468 (BUSHING MOUNT WITH SLEEVE BEARING) 


7481 7486 


A 688 + .031 812 + .031 
17,475 + 0,787 20,625 + 0,787 


MOUNTING SURFACE C ——+ 0.000 - | —— +9000 DIA. 
137 10,312 4954 
1/4 - 32 UNEF THREAD | 3/8 - 32 UNEF THREAD 


1.125 + .031 
28,58 + 0,79 


SLOT: .032 + .005/0,813+0,127 WIDE X 
.032 +.010 —.000/0,813 + 0,254 — 0,000 DEEP 
(NOT ON REAR SHAFT MODELS) 


HAMFER 875+ .016 pia 
.016/0,41 MAX X 45° 22,2+0,41 


110 
2.794 
.060 + .003 


.625 R MAX Dia. 
15.9 R MAX 1.524 + .076 


1.524 + .076 


Use Special Feature Code “FT” to order. 
Enlarged View B 


iT | technologies 2-107 Model Series 7480 


CORPORATION 


MODEL 7483 (SERVO MOUNT WITH BALL BEARING) 


1.250 + .031 
31,75+0,79 


MOUNTING SURFACE 


3/5 +.031 
9,53+0 


875 + .016 
22,2+0,41 781 


19,8 


oer 


257 wy 


062 + .005 


7,58+0,13 
.062 +.005 a 
1,58 +0, 13 


HOUSING DIA 


OPTIONAL TERMINAL CONFIGURATION 


105° MAX 


625 R MAX 
15.9 R MAX 


Use Special Feature Code “FT” to order. 


METRIC CONVERSIONS 


+0,79 


DIA MAX 
424g +-0000 


Serra htt 
ggt 9, 000 
—0,0076 


AMFER 
.016/0,406 MAX X 45° 


922 
53 4 DIA MAX 


.110 
2.794 


.060 + .003 
1.524 + .076 


1.524 + .076 


Enlarged View B 


1 in. 29,4mm 1 02.-in. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 
25 technologies 2-108 Model Series 7480 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension RS 
Flatted Shaft Fo 
Slotted Shaft (Standard on single gang 7486 without RS) SS 
Shaft Lock (7481, 7486 only) SL 
High Torque 2-6 02z.-in. (7486 only) HT 
Additional Gangs 2G 
Gold plated solder lug terminals (See Optional Terminal Configuration) FT 


ORDERING INFORMATION 


7486 R 10K T2 L.30 XX 


Model Series ot LL Optional Special 


Resistance Prefix Feature Code 
Resistance Value ———————__ —— Linearity 


|_________ Optional 
Non-Standard Tolerance 


MATCHING TURNS COUNTING DIALS 


7481: RBJ, 2601, 2641 
7486: 2606, 2607, 2626, 2627, 2646, 2647, 2157, 2126, 2167, 2606S, 26075, 2646S, 26475, RB 


CIRCUIT DIAGRAM 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original IN 
English units and are provided for general information only. 


Tolerances unless otherwise specified: 
(.25mm) PROJECTION 
Angular = + 2 degrees 


iT | technologies 2-109 Model Series 7480 


CORPORATION 


251 technologies 2-110 


MOGEL SERIES 7500 — aie 


1-13/16” Diameter 
10-Turn 
Wirewound 


Precision Potentiometer 


7601 


1/4" Shaft, 3/8" Bushing 


7603 


1/4” Shaft, Servo 


Resistance Range, Ohms 1K to 650K 
Standard Resistance Tolerance 45% 
Minimum Practical Resistance Tolerance +1% 
Independent Linearity +0.15% 


Minimum Practical Independent Linearity 


+0.1%, < 500 Ohms 
+0.05%, 500-4,999 Ohms 
*+0.025%, >5K Ohms 


Power Rating, Watts 
Input Voltage, Maximum 


5.0 at 70°C derating to 0 at 125°C 
1,000V DC Not to Exceed Power Rating 


Dielectric Strength 1,000V RMS 
Insulation Resistance, Minimum 1,000 Megohms 
Noise, Maximum 100 Ohms 


Actual Electrical Travel 


3,600° + 3° -0°, < 300 Ohms 
3,600° + 2° -0°, 301-2,500 Ohms 
3,600° + 1° -0°, > 2,500 Ohms 


Electrical Continuity Over Travel 


+90° +5° at each end 


Tap Tolerance 


+2°, < 300 Ohms 
+1°, 301-2,500 Ohms 
+0.5°, 22,500 Ohms 


End Voltage, Maximum 


Within Std. Linearity Tolerance 


Specifications subject to change without notice. 
“May require external pads. 


558 technologies 2-111 


CORPORATION 


Model Series 7600 


ENVIRONMENTAL (MIL-R-12934) 


Operating Temperature Range 
Temperature Cycling 

Shock, 6ms Sawtooth 
Vibration 

Moisture 

High Temperature Exposure 
Rotational Load Life 


—65°C to +125°C 
5 cycles, -65°C to +125°C (5% AR 
100G’s (0.1ms discontinuity max. 


Ten 24 hour cycles (3% AR 
1,000 hours at 125°C (5% AR 


) 
5GQ’s, 10 to 2,000 Hz (5% AR, 0.1ms discontinuity max.) 
) 


2 mil. shaft rev. plus 900 hrs. at rated wattage at 70°C (5% AR 


Total Mechanical Travel 

Number of Cups, Maximum 
Weight, Nominal (per gang) 
Static Stop Strength 

Backlash, Maximum 

Shaft End Play, Maximum 

Shaft Runout, T.1.R., Maximum 
Pilot Diameter Runout, T.1.R., Maximum 
Lateral Runout, T.1.R., Maximum 
starting Torque, Maximum 
Running Torque, Maximum 


Panel Nut Tightening Torque, Maximum 
Shaft Radial Play, Maximum 


STANDARD RESISTANCE VALUES, OHMS 


Total 
Resistance 


1K 

OK 
10K 
20K 
90K 
100K 


251 technologies 


ORPORA 4 


Theoretical 
Resolution 
(% Nominal) 


0.019 
0.011 
0.012 
0.009 
0.007 
0.006 


2-112 


3,/80° + 5° 

2 

3.0 OZ. 

600 o0z.-in. 
Essentially zero 
.005" 

0005" 

.001" 

.0015' 

1.3 02.-in. 

0.9 02z.-in. 

7601 7603 
25lb-in. == N/A 
0.002" 0.001" 


Tempco 
of Wire 


+20 ppm/°C 
+20 ppm/°C 
+20 ppm/°C 
+20 ppm/°C 
+20 ppm/°C 
+20 ppm/°C 


Model Series 7600 


MODEL 7601 


2.719 + .031 


+ 


| 2210.09 


Mounting Surface 


812 ok 


1 as +.016 Dia. 


Chamfer 

.016/0,41 Max. x 45° 
Locating Hole 

¥%-32 UNEF Thread 129 + .005/3 277 + 0,127 Dia. 
x .094 + .016/2,388 + 0,406 
positioned as shown 


2.625 + .031 
2.125 +.031 Mounting Surface 
53,98 +0,79 
Slider £625 + 031 
CCW ' : 
lf ih 
fo of ee. 0 


1.812 +.016 Dia cnr 
6,03+0,41° ~ 


46, on 


Chamfer 
016/0,41 Max. x 45° 


093 = .005 


| 
+0,13 
.062 + .005 
— me 


METRIC CONVERSIONS 


110; 25,4mm 1 02.-in. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 


55 technologies 2-113 Model Series 7600 


CORPORATION 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension RS 
Flatted Shaft FS 
Slotted Shaft SS 
Shaft Lock (7601 only) SL 


ORDERING INFORMATION 


7601 R 10K L.15 XX 


Model Series we ———— Optional Special 


Resistance Prefix Feature Code 


Resistance Value. Linearity 


MATCHING TURNS COUNTING DIALS 


7601: 2606, 2607, 2626, 2627, 2646, 2647, 2157, 2126, 2167, 2606S, 260758, 26468, 2647S, 2257, 2267, RB 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original ger a 


English units and are provided for general information only. «—_n____, 


NC 
mm 


Tolerances unless otherwise specified: © C| 
Linear = + .01 inches 
(.25mm) THIRD ANGLE 
Angular = + 2 degrees PROJECTION 


55 technologies 2-114 Model Series 7600 


CORPORATION 


MODEL 8136 


7/8” Diameter 

Plastic 10-Turn 

Hybrid 

Precision Potentiometer / 


Position Sensor 


Plastic Shaft & Bushing 


Resistance Range, Ohms 1K to 100K 
standard Resistance Tolerance +10% 
Independent Linearity +0.25% 
Power Rating, Watts 2.0 at 25°C derating to 0 at 105°C 
Dielectric Strength 1,000V rms 
Insulation Resistance, Minimum 1,000 Megohms 
Output Smoothness, Maximum 100 Ohms 
Actual Electrical Travel, Nominal 3600° 
Tap Tolerance (Voltage Tap Only) +0.05% of input voltage 
End Voltage, Maximum 0.2% of input voltage 
Resolution Essentially Infinite 
Temperature Coefficient — +100ppm/°C, -150ppm/°C 
Operating Temperature Range —25°C to +105°C 
Temperature Cycling 5 cycles, -25°C to +105°C (5% AR) 
Shock, 6ms Sawtooth 100G’s (0.1ms discontinuity max.) 
Vibration 10G’s, 10 to 500 Hz (5% AR, 0.1ms discontinuity max.) 
Moisture Resistance Five 24 hour cycles (3% AR) 
High Temperature Exposure 1,000 hours at 105°C (5% AR) 
Rotational Load Life 1 mil. shaft rev. + 900 hrs. at rated wattage at 25°C (5% AR) 


Specifications subject to change without notice. 


58 technologies 2-115 Model 8136 


CORPORATION 


Total Mechanical Travel 3600° + 15° - 0° 
Number of Gangs, Maximum ] 
Weight, Nominal 0.42 0z. 
Static Stop Strength 60 0z.-in. 
Backlash, Maximum 2° 
Panel Nut Tightening Torque, Maximum 8 |b.-in. 
Shaft End Play, Maximum .010” 
start/Run Torque, Maximum 1.5 02.-in. 


OUTLINE DIMENSIONS 


ADJUSTMENT SLOT 
moc 047 =.005/1,19 + 0,13 WIDE X 
19,1 + 1,02 063 +0174 160 * 0:38 DEEP x 


812+ 031 195 +.015/4,95 +0,38 LONG 
20,6+0,79 


79° 


ANTI-ROTATION PIN 

060 + .005/1 52 + 0,13 DIA’ 

ON .290 + .005/7,37 +0,13 RADIUS. 
EXTENDS .040 +.010/1,02+0,25 
FROM MOUNTING SURFACE 


3/8 — 32 UNEF THREAD 875.016 pa «_ 


99 2+041 
312+ .016 
~~ 793+0,41 


OPTIONAL TERMINAL CONFIGURATION 


.110 
2.794 


.060 + .003 Dia 
625 R MAX . 1.524+.076 
15.9 R MAX 


1.524 + .076 


Use Special Feature Code “FT” to order. Enlarged View B 


25 technologies 2-116 Model 8136 


CORPORATION 


STANDARD RESISTANCE VALUES, OHMS 


1K 2K OK 10K 20K 90K 100K 


SPECIAL FEATURE CODES 


Center Tap 

Linearity Tape 

Flatted Shaft 

Shaft Lock 

Gold Plated Solder Lug Terminals (see Optional Terminal Configuration) 


ORDERING INFORMATION 


8136 R 10K L .25 


|p pd. 
Model Series - — | | | Linearity 
Resistance Prefix - Resistance Value 


MATCHING TURNS COUNTING DIALS 


2606, 26068, 2607, 26075, 2626, 2627, 2646, 264658, 2647, 26475, 2126, 2157, 2167, RB 


METRIC CONVERSIONS 


1 in. 29,4mm 1 02Z.-iN. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 


Metric equivalents, based on 1 inch = 25.4mm are rounded to 
the same number of significant figures as in the original DIMENSIONS 
English units and are provided for general information only. 


; INCH 
mm 
Tolerances unless otherwise specified: © E| 
Linear = + .01 inches 
(.25mm) THIRD ANGLE 
Angular = + 2 degrees PROJECTION 


551 technologies 2-117 Model 8136 


CORPORATION 


25 technologies 2-118 


MODEL SERIES 8140 


7/8” Diameter 
10-Turn Hybrid 
Precision Potentiometer / 


Position Sensor 


8141 1/8” Shaft, 1/4” Bushing 
8143 1/8” Shaft, Servo 
8146 1/4” Shaft, 3/8” Bushing 


Resistance Range, Ohms 1K to 100K 
Standard Resistance Tolerance 10% 
Minimum Practical Resistance Tolerance +5% 
Independent Linearity +0.25% 
Power Rating, Watts 2.0 at 70°C derating to 0 at 125°C 
Dielectric Strength ~ 1,000V rms 


Insulation Resistance, Minimum 


1,000 Megohms 


Output Smoothness, Maximum 


0.05%<95K Ohms, 0.03%>5K Ohms 


Actual Electrical Travel, Nominal 


3600° 


Tap Tolerance (Voltage Tap Only) 


+0.05% of input voltage 


End Voltage, Maximum 


0.2% of input voltage 


Resolution 


Essentially Infinite 


Temperature Coefficient 


— +100ppm/°C, -150ppm/°C 


ENVIRONMENTAL (MIL-R-12934) 


Operating Temperature Range 


-95°C to +125°C 


Temperature Cycling 


5 cycles, —40°C to +125°C (5% AR 


Shock, 6ms Sawtooth 


100G’s (0.1ms discontinuity max. 


Vibration 


15G’s, 10 to 2,000 Hz (5% AR, 0.1ms discontinuity max. 


Moisture Resistance 


High Temperature Exposure 


1,000 hours at 125°C (5% AR 


Rotational Load Life 


) 
) 
Five 24 hour cycles (3% AR) 
) 


5 mil. shaft rev. + 900 hrs. at rated wattage at 70°C (5% AR 


Specifications subject to change without notice. 


5 technologies 


CORPORATION 


2-119 Model Series 8140 


Total Mechanical Travel 
Number of Gangs, Maximum 
Weight, Nominal (single gang) 


Backlash, Maximum 


Static Stop Strength 

Panel Nut Tightening Torque, Maximum 
Shaft End Play, Maximum 

Shaft Runout, T.1.R., Maximum 

Pilot Diameter Runout, T.1.R., Maximum 
Lateral Runout, T.1.R., Maximum 

Shaft Radial Play, Maximum 

Start/Run Torque, Maximum (per gang) 


STANDARD RESISTANCE VALUES, OHMS 


1K 2K OK 10K 


METRIC CONVERSIONS 


1 in. 25,4mm 1 02.-in. 
1 02. 28.4 gm 1 Ib.-in. 


551 technologies 2-120 


CORPORATION 


8141, 8146 
60 02z.-in. 
20 |b.-in. 

010” 
.003” 
004” 
.005” 
003” 
0.8 0z.-in. 


20K 


3600° + 15° — 0° 
2 

0.75 02z. 
4° 

8143 

36 02z.-in. 
NA 

005” 
.002” 
.002” 
004” 
.002” 

0.6 0z.-in. 


90K 100K 


0,007 N-m 
0,113 N-m 


Model Series 8140 


MODEL 8141 & 8146 (BUSHING MOUNT WITH SLEEVE BEARING) 


| DIM | 8141 8146 


A 688 + .031 812 + .031 
17,475 + 0,787 20,625 + 0,787 


MOUNTING SURFACE 


PE Ea 


SLOT: .032 + .005/0,813 + 0,127 WIDE X 
= .032 +.010 —.000/0,813 + 0,254 — 0,000 DEEP 
(NOT ON REAR SHAFT MODELS) 


¢ 
— 
DIM D 


HAMFER 
.016/0,41 MAX X 45° 
.312+.016 
"7 93+0.41 


.875 +.016 ni, 
22,2+0,41 


.110 
2.794 


625 R MAX Q 060+.003_p., 
15.9 R MAX _~ 1.5244 .076 = 


062 + .003 


1.524 + .076 


Use Special Feature Code “FT” to order. 
Enlarged View B 


Si technologies 2-121 Model Series 8140 


CORPORATION 


MODEL 8143 (SERVO MOUNT WITH BALL BEARING) 


MOUNTING SURFACE 


1.250 +.031 
31,/5+0,79 
3/5 +.031 
9,53+0,79 

.875+.016 


22,2=0,41 781 
181 DIA MAX 


250 19,8 
, + .0000 
COW iN 4248+ 


C 


—| Fas +000 
TU, 
15,875 * y'qo8 


875+.016 CHAMFER 
29.9+0,41 . .016/0,406 MAX X 45° CLAMP 
HOUSING DIA 062 +.005 922 
| 53-4 DIA MAX 


OPTIONAL TERMINAL CONFIGURATION 


105° MAX 


110 
2.794 


.060 + .003 Dia 


625 R MAX 1.524+.076 


15.9 R MAX 


062 + .003 
1.524 + .076 


Use Special Feature Code “FT” to order. 


Enlarged View B 


HT | technologies 2-122 Model Series 8140 


CORPORATION 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension (8143, 8146 single cup only) RS 
Flatted Shaft FS 
Slotted Shaft (Standard on single gang 8146 without RS) SS 
Shaft Lock (8141, 8146 only) SL 
High Torque 2-6 0z.-in. (8146 only) HT 
Additional Gangs 2G 


Gold plated solder lug terminals (See Optional Terminal Configuration) FT 


ORDERING INFORMATION 


8146 R 10K 15 L 25 XX 


Model Series | Optional Special 
Resistance Prefix a Feature Code 


Resistance Value Linearity 


Optional 
Non-Standard Tolerance 


MATCHING TURNS COUNTING DIALS 


8141: RBJ, 2601, 2641 
8146: 2606, 2607, 2626, 2627, 2646, 2647, 2157, 2126, 2167, 26065, 26075, 2646S, 2647S, RB 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original INCH 
English units and are provided for general information only. mm 


Tolerances unless otherwise specified: © f4 


Linear = + .01 inches THIRD ANGLE 


(.25mm) PROJECTION 
Angular = + 2 degrees 


HT | f echnologies 2-123 Mode Series 8140 


CORPORATION 


558 technologies 2-124 


MODE: SERIES SlGC Ce See 
1-13/16” Diameter : : 
3-Turn 


Wirewound 


Precision Potentiometer 


9301 1/4” Shaft, 3/8” Bushing 
9303 1/4” Shaft, Servo 


Resistance Range, Ohms 30 to 190K 
Standard Resistance Tolerance . +5% 
Minimum Practical Resistance Tolerance a +1% 
Independent Linearity - +0.25% 
Minimum Practical Independent Linearity +0.2%, < 150 Ohms 


+0.1%, 150-1,500 Ohms 
+0.05%, 1,501-9,999 Ohms 
+0.04%, =10K Ohms 


Power Rating, Watts 3.0 at 70°C derating to 0 at 125°C 
Dielectric Strength . - - 1,000V rms 
Insulation Resistance, Minimum . — . 1,000 Megohms 
Noise, Maximum OO ~ 100 Ohms 
Actual Electrical Travel ~ 1,080° + 3°- 0°, <100 Ohms 


1,080° + 2° - 0°, 101-700 Ohms 
1,080° + 1°- 0°, >700 Ohms 


Electrical Continuity Over Travel +90° +5° at each end 


Tap Tolerance +2°, <100 Ohms 
+1°, 101-700 Ohms 
+0.5°, >700 Ohms 


End Voltage, Maximum | Within Std. Linearity Tolerance 


Specifications subject to change without notice. 


55 technologies 2-125 Model Series 9300 


CORPORATION 


ENVIRONMENTAL (MIL-R-12934) 


Operating Temperature Range —65°C to +125°C 
Temperature Cycling 9 cycles, -65°C to +125°C (5% AR) 
shock, 6ms Sawtooth 90G’s (0.1ms discontinuity max.) 
Vibration 5G’s, 10 to 2,000 Hz (5% AR, 0.1ms discontinuity max.) 
Moisture Resistance Ten 24 hour cycles (3% AR) 
High Temperature Exposure 1,000 hours at 125°C (5% AR) 
Rotational Load Life 2 mil. shaft rev. plus 900 hrs. at rated wattage at 70°C (5% AR) 


Total Mechanical Travel 1260° + 5° 
Number of Cups, Maximum | 
Weight, Nominal (per gang) 3.4 02. 
Static Stop Strength 600 oz.-in. 
Backlash, Maximum Essentially zero 
Shaft End Play, Maximum .005" 
Shaft Runout, T.1.R., Maximum .0005' 
Pilot Diameter Runout, T.1.R., Maximum .001" 
Lateral Runout, T.1.R., Maximum 0015" 
starting Torque, Maximum 1.3 02.-in. 
Running Torque, Maximum 0.9 oz.-in. 
Panel Nut Tightening Torque, Maximum 9301 9303 

25 |b.-in. N/A 
Shaft Radial Play, Maximum 0.002" 0.001" 


Theoretical 
Total Resolution Tempco 
Resistance (% Nominal) of Wire 


1K 0.039 +20 ppm/°C 
5K 0.032 +20 ppm/°C 
10K 0.027 +20 ppm/°C 
20K 0.021 +20 ppm/°C 
50K 0.017 +20 ppm/°C 


CORPORATION 
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MODEL 9301 


1.844+.031 
46.84+0.79 


1.344+.031 
34.14+0.79 


~<— Mounting Surface 


_ 812+.031 
20.6+0.79 


1.812+.016 “ 
46.03+0.410!€- Le. 562+.016 


405.001 5, | 14,340.41 


10.3+0.03~" 
es 


Chamfer 
AOE 010 | 016/0.41 Max. x 45° 
1.58 * + 0.00 Locating Hole 
. etal ey 
xX. = ‘ BU. 


312+ .016 positioned as shown 
7.93+0.41 


MODEL 9303 


1.750+.031 
44.45+0.79 


1.250 +.031 
31.7540.79 


—<— Mounting Surface 


.625+.031 
15.920:79 


la. 
+ 0.0000 
_le= te a424 * cave 


1.8122.016 
46.03+0.41 


ee Chamfer 


.016/0.41 Max. x 45° 
093+ .005 LL 
2.36+0.13 aL 


062+ .005 
1.58+0.13 


METRIC CONVERSIONS 


1 In. . 25,4mm 1 02Z.-In. 0,007 N-m 
1 02. 28.4 gm 1 Ib.-in. 0,113 N-m 


558 technologies 2-127 Model Series 9300 


CORPORATION 


SPECIAL FEATURE CODES 


Center Tap CT 
Linearity Tape LT 
Rear Shaft Extension RS” 
Flatted Shaft : FS 
Slotted Shaft oO 
Shaft Lock (9301 only) SL 


ORDERING INFORMATION 


9301 R 10K L.25 XX 


Model Series —- ; | '———— Optional Special 


Feature Code 


Resistance Prefix - 


Linearity 


Resistance Value 


MATCHING TURNS COUNTING DIALS 


9301: 2606, 2607, 2626, 2627, 2646, 2647, 2157, 2167, 2257, 2267, RB 


Metric equivalents, based on 1 inch = 25.4mm are rounded to DIMENSIONS 
the same number of significant figures as in the original INCH 
English units and are provided for general information only. 


Tolerances unless otherwise specified: 
Linear = + .01 inches 


THIRD ANGLE 
(.25mm) PROJECTION 
Angular = + 2 degrees 
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CORPORATION 


. PRECISION iP TEN 


_ Cisckwise =. 
Counterclocks vise 
Total Applied V oltage 
Output Volta ec  =—r—Oe 
baohese Cute foltige Css 
Quadrature Voltage _ 
- Output Rar Be (Oueput Voltage Ratio 
End Voltage — 
Total Resistance | 
Load Resistance 
End Resistance 
2 Temperature | Coefficient of Resist; 
_ Resistance-Temperature Characteristic 
Output Slope | 
Cadet 
Shaft Position | _ 
Phase Shift 
Theoretical Electrical Travel 
| Actual Electrical Travel — 


dependent upon 


he relative p position. of a moving contac 


APPLICATION NOTES 


1.2.1.1 WIREWOUND PRECISION 
POTENTIOMETER: 

A precision potentiometer characterized by a 

resistance element made up of turns of wire on 

which the wiper contacts only a small portion of 

each turn. 


1.2.1.2  NONWIREWOUND PRECISION 
POTENTIOMETER: 

A precision potentiometer characterized by the 

continuous nature of the resistance element in the 

direction of wiper travel. 


1.2.3 CUP: 

A single mechanical section of a potentiometer 
which may contain one or more electrical resistance 
elements. 


1.2.4 GANG: 
An assembly of two or more cups on a common 
operating shaft. 


1.2.5 SHAFT: 
The mechanical input element of the potentiometer. 


1.2.6 SHAFT POSITION: 
An indication of the position of the wiper relative to 
a reference point. 


1.2.7 TERMINAL: 
An external member that provides electrical access 
to the potentiometer resistance element and wiper. 


1.2.8 INTEGRAL RESISTOR: 

An internal or external resistor preconnected to the 
electrical element and forming an integral part of the 
cup assembly to provide a desired electrical 
characteristic. The resistor may be a separate entity, 
a part of the wirewound or nonwirewound resistance 
element or a layer type resistor formed on the same 
insulating substrate as the resistance element. 


APPLICATION NOTES 


2.2 OUTPUT TERMS 


2.2.1 OUTPUT VOLTAGE: 

The voltage between the wiper and the designated 
reference point. Unless otherwise specified, the 
designated reference point is the CCW terminal. 


2.2.2 OUTPUT RATIO: 

1 | The ratio of the Output Voltage to the designated 
irren t and na di to the . put ¢ er io _ - input reference voltage. Unless otherwise specified, 
lote: C the reference voltage is the Total Applied Voltage 
¢ : mnifi (see Figure 2.1.1). 
r istance. See on 3. B. 


12102 VOUAGETAR 


An electrical connection fixed to the resistance — - 
: which introduces no significant stortion in £_ -7ER0-TO-PEAK APPLIED VOLTAGE 
the outr t characteristic. A voltage tap usually has | 
ig ficant tap resistance and may not be oe of 4 FIGURE 2.1.1 Total Applied Voltage 
rrying rated element current. ._—e. 
ste: The distinetion between current and 2.2.3 TOTAL VARIABLE OUTPUT: 
, _ The difference between the maximum and minimum 


TOTAL APPLIED VOLTAGE (PEAK-TO-PEAK APPLIED VOLTAGE) 


Output Ratios. These ratios correspond to the 
Minimum Voltages at each input terminal. 


2.2.4 END VOLTAGE: 


2.2.4.1 END VOLTAGE-WIREWOUND: 

=—iO.C The voltage between the wiper terminal and an end 
_ _ terminal when the shaft is positioned at the 
corresponding End Point. End Voltage is expressed 
as a percent of the Total Applied Voltage. 


« on i 2.2.4.2 END VOLTAGE-NONWIREWOUND: 
_ The voltage between the wiper terminal and an end 
terminal when the shaft is positioned at the 
corresponding Theoretical End Point. End Voltage 


is expressed as a percent of the Total Applied 
Voltage. 


| MATHEMATICALLY: A = 


23 2.5 ‘MINIMUM, VOLTAGE: 


. The smallest or lowest voltae 6 between the wiper 


terminal and an end terminal when the shaft is 


: : positioned near the corresponding end of Electrical 


Continuity Travel. Minimum Voltage is expressed 


| as a percent of the Total Applied Voltage. 


| 2.26 luMp-OFF vourace (WIREWOUND 
: POTENTIOMETERS ONLY): 
The magnitude of the first measurable voltage 


change as the wiper moves from the overtravel 


region onto the Actual Electrical Travel. It is 


expressed as a percent of the Total Applied Voltage. 


2.2.7 SHORTED SEGMENT: 

A portion of the resistance element over which the 
Output Ratio remains constant within specified 
limits as the wiper traverses the segment with a 

_ specified Load Resistance. 


2.2.8 OUTPUT SLOPE: 

__ The ratio between the rate of change of Output 
Ratio and the rate of change of shaft travel. 

8a may be substituted for 0, where applicable. 


rs 
MATHEMATICALLY: A = 


ZL 


Note: The theoretical output slope is the first 
__ derivative of the normalized Theoretical 
_ Function Characteristic. 


df(0/0,) — — d(e/E) 
d(0/0,) — d(e/@) 
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APPLICATION NOTES 


2.2.9 SLOPE RATIO: 
The ratio of the largest to the smallest Output Slopes 
of a monotonic Theoretical Function Characteristic. 


2.2.10 GRADIENT: 
The rate of change of Output Ratio relative to shaft 


travel. 


MATHEMATICALLY: G = —(@/ 5) 


dé 


2.3 LOAD TERMS 


2.3.1 LOAD RESISTANCE: (Ry ) 

The external resistance as seen by the Output 
Voltage (connected between the wiper and the 
designated reference point). 

Note: No load means an infinite Load Resistance. 


2.3.2 LOADING ERROR: 

The difference between the Output Ratio with an 
infinite Load Resistance and the Output Ratio with a 
specified finite Load Resistance, at the same shaft 
position. 

Note: Elimination of Loading Error, by 
compensating the resistance element to give the 
desired output with a specified Load Resistance, 
is referred to as “Load Compensation." 


3 ROTATION AND TRANSLATION 


3.1 DIRECTION OF TRAVEL: 

For rotary potentiometers, clockwise (CW) or 
counterclockwise (CCW) when viewing the 
specified mounting end of the potentiometer. The 
designation of terminals in the figure corresponds to 
the direction of shaft travel. 

For translatory potentiometers, “extending” or 
“retracting” when viewing the specified end of the 
potentiometer. 


CW TERMINAL CCW TERMINAL 


| ‘ours : 3.1 View of shaft and element from 
ee 2 Suir ye sa te end. 


: 3. 2 TOTAL MECHANICAL TRAVEL: 


ce The total travel of the shaft between integral stops, 
under specified stop load. In potentiometers without 
ae a - mechanical travel is beac amcinas 


| ms 3 “MECHANICAL C OVERTRAVE! 


on 3: A. “MECHANICAL OVERTRAVEL-WIREWOUND: 


a : The shaft travel between each End Point (or 
_ Theoretical End Point for Absolute Conformity or 


| Linearity units) and its adjacent corresponding limit 
: ’ of Total inate Travel. 


3.3.2 MECHANICAL OVERTRAVEL - 
/ NONWIREWOUND: 
The shaft travel between each Theoretical End Point 
and its adjacent corresponding limit of Total 
Mechanical Travel. 


spdeomnaoovoneoorrby 


! | 
Vy | 
<q—_1,——— TOTAL MECHANICAL TRAVEL ed 


| | 
| | 
pe | <4— THEORETICAL ELECTRICAL TRAVEL —>! 
| | 


OVERTRAVEL 
<t— ACTUAL ELECTRICAL TRAVEL ————> <— TYP.) 


(WIREWOUND ONLY) 


l 
ie 
MECHANICAL 
-—— | 


FIGURE 3.3.2 Mechanical overtravel 


A 


OUTPUT RATIO 


PPLICATION NOTES 


Note: The relationship of the electrical travels to 
each other and to the input terminals shown 
above is given for illustration only and may vary 
from one potentiometer to another. 


3.4 BACKLASH: 

The maximum difference in shaft position that 
occurs when the shaft is moved to the same actual 
Output Ratio point from opposite directions. 


3.5 END POINT (WIREWOUND POTENTIOMETERS 
ONLY): 

The shaft positions immediately before the first and 

after the last measurable change(s) in Output Ratio, 

after wiper continuity has been established, as the 

shaft moves in a specified direction. 


3.6 THEORETICAL END POINT: 

The shaft positions corresponding to the ends of the 
Theoretical Electrical Travel as determined from the 
Index Point. 


3.7. INDEX POINT: 

A point of reference fixing the relationship between 
a specified shaft position and the Output Ratio. It is 
used to establish a shaft position reference. 


EXAMPLE: INDEX POINT 
@ 6 = 200° 
e/E = 0.5854 


KX INDEX POINT 


Xt ACTUAL OUTPUT RATIO 


TRAVEL f 
SPECIFIED SHAFT POSITION 


FIGURE 3.7 Index point 


3.8 ACTUAL ELECTRICAL TRAVEL (WIREWOUND 
POTENTIOMETERS ONLY): 
The total travel of the shaft between End Points. 
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APPLICATION NOTES 


Note: In some instances, particularly 
nonwirewound pots, the tap width may be 
essentially zero (i.e., no flat zone), but the tap 
may have a significant effect on conformity. In 
these cases the term “Effective Tap Width” 
Should not be applied. Instead, the effect of the 
tap on the output characteristics should be 
considered in terms of conformity. 


3.14 PHASING POINT - WHEN INDEX 
POINT (3.7) IS NOT EMPLOYED 


3.14.1 PHASING POINT - WIREWOUND: 
A reference point on a cup of a gang, usually an 
Output Ratio, an End Point or an intermediate tap. 


3.14.2 PHASING POINT- NONWIREWOUND: 
A reference point on a cup of a gang, usually an 
Output Ratio or an intermediate tap (not an end tap). 


the re _ 3.15 PHASING (SEE ALSO SIMULTANEOUS 
CONFORMITY PHASING PARA.5.10): 
The relative alignment of the Phasing Points of each 


he Theoretical 


cup of a gang potentiometer. 

Note: Unless otherwise specified, phasing 
requirements apply to a single specified Phasing 
Point in each cup and all cups are aligned to the 
Phasing Point of the first cup. 


 . 4 RESISTANCE 
some reference. 
terms of an Output | 4.1 TOTAL RESISTANCE (DC INPUT IMPEDANCE): 
. WE n a shaft position. : The DC resistance between the input terminals with 
is the center of th the shaft positioned so as to give a maximum 
 —r—™ resistance value. 


4.2 DC OUTPUT IMPEDANCE: 
The maximum DC resistance between the wiper and 
either end terminal with the input shorted. 


APPLICATION NOTES 


4.7.2 EQUIVALENT NOISE RESISTANCE- 
NONWIREWOUND: 
Refer to Output Smoothness (6.2). 


4.8 TEMPERATURE COEFFICIENT OF 
RESISTANCE (WIREWOUND 
POTENTIOMETERS ONLY): 

The unit change in resistance per degree Celsius 


change from a reference temperature, expressed in 
parts per million per degree Celsius as follows: 


Where: 
R, = Resistance at reference temperature in ohms. 


R, = Resistance at test temperature in ohms. 
T, = Reference temperature in degrees Celsius. 


T, = Test temperature in degrees Celsius. 


4.9 RESISTANCE - TEMPERATURE CHARACTERISTIC 

(NONWIREWOUND POTENTIOMETERS ONLY): 
The change in Total Resistance over a specified 
temperature range expressed as a percent of the 
Total Resistance at a specified reference 
temperature. 


Where: 
R, = Resistance at reference temperature in ohms. 


R, = Maximum or minimum resistance at any of the 
test temperatures, in ohms. 


135 


APPLICATION NOTES 


SPECIFIED MAXIMUM 


ABSOLUTE 


CONFORMITY 
THEORETICAL LIMITS 


FUNCTION —__ 
CHARACTERISTIC 


ACTUAL FUNCTION 
CHARACTERISTIC — 


3 
2 
— 
< 
cc 
— 
=) 
oO. 
= 
_ 
© 


SPECIFIED 
MINIMUM 


| ol = - TRAVEL 6 1.0 


| |#———TOTAL THEORETICAL ELECTRICAL TRAVEL (0,) ——>I 
i ELECTRICAL CONTINUITY TRAVEL > 


FIGURE 5.3 Absolute Conformity 
5.4 LINEARITY: 


A specific type of conformity where the theoretical 
function characteristic is a straight line. 


MATHEMATICALLY: = A(O/6,)+B+C 


Where: 


A is given slope; B is given intercept at 8 = 0. 


5.5 ABSOLUTE LINEARITY: 

The maximum deviation of the actual function 
characteristic from a fully defined straight reference 
line. It is expressed as a percentage of the Total 
Applied Voltage and measured over the Theoretical 
Electrical Travel. An Index Point on the actual 


output is required. 


The straight reference line may be fully defined by 
specifying the low and high theoretical end Output 
Ratios separated by the Theoretical Electrical 
Travel. Unless otherwise specified, these end Output 
Ratios are 0.0 and 1.0, respectively. 
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MATHEMATICALLY: 3 2 


= Wie a . = : = 

Ais given slope; B is given intercept at 6. 0. : — 
_. - Unless otherwise specified: — 
_ A= = 1; Be 0. 


THEORETICAL FUNCTION 
CHARACTERISTIC aa . 


INDEX POINT 
@0=__ i 
6/E = ____ 


OUTPUT RATIO e/E 


ABSOLUTE 
LINEARITY 
LIMITS 


_ ACTUAL FUNCTION 
CHARACTERISTIC 


. a TRAVEL 8 1.0 


(<—_TOTAL THEORETICAL ELECTRICAL TRAVEL (0,) ——> 
ELECTRICAL CONTINUITY TRAVEL 


_ FIGURE 5.5 Absolute linearity 


5.6 TERMINAL BASED LINEARITY 
(WIREWOUND POTENTIOMETERS ONLY): 
The maximum deviation, expressed as a percent of 


/ ‘the Total Applied Voltage, of the actual function - 
characteristic from a straight reference line drawn 


: through the specified minimum and maximum 
Output Ratios which are ‘separated by the Actual 
. Electrical Travel. Unless otherwis specified, — 
minimum and maximum Output Ratios are, 


/ . respectively, zero and 100% of Total et 
_ Voltage 


APPLICATION NOTES 


MATHEMATICALLY: 


Where: 

A 1s given slope; B is given intercept at 6 = 0. 
Unless otherwise specified: 

A=1;B=0. 


5.7 ZERO BASED LINEARITY 
(WIREWOUND POTENTIOMETERS ONLY): 


The maximum deviation, expressed as a percent of 
Total Applied Voltage, of the actual function 
characteristic from a straight reference line drawn 
through the specified minimum Output Ratio, 
extended over the Actual Electrical Travel, with its 
slope chosen to minimize the maximum deviations. 
Any specified End Voltage requirement may limit 
the slope of the reference line. Unless otherwise 
specified, the specified minimum Output Ratio will 


be zero. 


MATHEMATICALLY: 


Where: 
P is unspecified slope limited by the End Voltage 
requirements, at the maximum output ratio end. 


Unless otherwise specified: 
B= 0. 


5.8 INDEPENDENT LINEARITY (BEST STRAIGHT LINE) 


5.8.1 INDEPENDENT LINEARITY - WIREWOUND: 
The maximum deviation, expressed as a percent of 
the Total Applied Voltage, of the actual function 
characteristic from a straight reference line with its 
slope and position chosen to minimize deviations 
over the Actual Electrical Travel, or any specified 


portion thereof. 


| ~ Note: End Voltage requirements, when specified, 
_ ___will limit the slope and position of the reference 
_ __iine. 


MATHEMATICALLY: 


_ Where: 
_P is unspecified slope; Q is unspecified intercept at 
’ €=0. And both are chosen to minimize C but are 
— limited by the End Voltage requirements. 


5.8.2 INDEPENDENT LINEARITY - 
—  NONWIREWOUND: 

The maximum deviation of the actual function 

_ characteristics from a straight reference line with its 

_ slope and position chosen to minimize the maximum 
deviations. It is expressed as a percentage of the 
Total Applied Voltage and is measured over the 
specified Theoretical Electrical Travel. The slope of 
the reference line, if limited, must be separately 
specified. An Index Point on the actual output is 


_ required. Unless otherwise specified, the Index Point 
will be at 0 = 0, . 
2 


MATHEMATICALLY: 7 = P(9/0,) +Q+C 


_ Where: 
__ Pis unspecified slope; Q is unspecified intercept at 
= 0. And both are chosen to minimize C but are 
_ . limited by the End Voltage requirements. 


: i technologies 
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APPLICATION NOTES 


INDEPENDENT 
LINEARITY 
LIMITS 


INDEX POINT — 
0; 
@0-5 


ud 
San, 

@ 
= 
Ke 
<= 
ao 
— 
a) 
jeu 
_— 
a) 
(-) 


MAX. + DEVIATIONS | 
ARE MINIMIZED 


TRAVEL @ 1.0 


<——TOTAL THEORETICAL ELECTRICAL TRAVEL (6,) ——> 
a ELECTRICAL CONTINUITY TRAVEL 


FIGURE 5.8.2 Independent linearity— 
nonwirewound 


5.9 TOLERANCE LIMITS 


5.9.1 CONSTANT LIMITS: 

Permissible Conformity deviations specified as a 
percentage of the Total Applied Voltage. 

Note: Unless otherwise specified, all definitions in 
this document employ Constant Limits. 


5.9.1.1 ZERO-TO-PEAK CONSTANT LIMITS: 
Permissible Conformity deviations specified as a 
percentage of Zero-To-Peak Applied Voltage. 

Note: The numerical value of zero-to-peak errors 
is double that of equal peak-to-peak errors, 
because the reference zero-to-peak applied 
voltage is one-half of the Total (peak-to-peak) 
Applied Voltage (see 2.1.1). 


5.9.2 PROPORTIONAL LIMITS: 

Permissible Conformity deviations specified as a 
percentage of the theoretical Output Ratio at the 
point of measurement. 

Note: Proportional limits may become impossibly 
restrictive in the vicinity of zero theoretical 
output and should be modified to provide a 
practical tolerance in that region, if the 
theoretical Output Ratio approaches zero. 


APPLICATION NOTES 


5. 9. 3 - MODIFIED. PROPORTIONAL LIMITS: 6.2 OUTPUT SMOOTHNESS (NONWIREWOUND 
oes combination of f Constant and oa POTENTIOMETERS ONLY): 
ae tS ae ee Output Smoothness is a measurement of any 


spurious variation in the electrical Output not present 
in the input. It is expressed as a percentage of the 

A Total Applied Voltage and measured for specified 
travel increments over the Theoretical Electrical 


# | 
YZ MODIFIED, 


/ a PROPORTIONAL Z Travel. Output Smoothness includes effects of 


Tee TenEL TRAVEL contact resistance variations, resolution and other 


micrononlinearities in the output. 


FIGURE 5.9.3 Tolerance limits 
6.3 RESOLUTION: 


9.10 SIMULTANEOUS CONFORMITY PHASING: A measure of the sensitivity to which the Output 
The relative alignment of the cups of a gang Ratio of the potentiometer may be set. 
potentiometer, from a common index point, such 
that the Output Ratios of all cups fall within their 6.4 THEORETICAL RESOLUTION (LINEAR 
respective Conformity limits over the Theoretical WIREWOUND POTENTIOMETERS ONLY): 
Electrical Travel. | The reciprocal of the number of turns of wire in 


| resistance winding in the Actual Electrical Travel, 
5.11 VOLTAGE TRACKING ERROR: 


The difference, at any shaft position, between the 
Output Ratios of any two commonly actuated 
similar electrical elements, expressed as a 
percentage of the single total voltage applied to 
them. 


expressed as a percentage. 

N = Total number of resistance wire turns. 
x X 100 = Theoretical Resolution percent. 
6.5 TRAVEL RESOLUTION (WIREWOUND 


POTENTIOMETERS ONLY): 
The maximum value of shaft travel in one direction 


6 GENERAL ELECTRICAL CHARACTERISTICS 


6.1 NOISE (WIREWOUND POTENTIOMETERS ONLY): 
Any spurious variation in the electrical output not 
__ present in the i input, defined quantitatively i in terms 
| of an equivalent parasitic, transient resistance in 
ohms, appearing between the contact and the 
resistance element when the shaft is rotated or 
| translated. The Equivalent Noise Resistance is 
: defined independently of the resolution, the 
: __ functional characteristics, and the total travel. The 
_ / "magnitude of the Equivalent Noise Resistance is the 
. maximum departure from a specified reference line. 
_ _ The \ wiper of the potentiometer is required to be 
excited by a specified current and moved at a 
specified speed. : 


per incremental voltage Step in any specified portion 
of the resistance element. 


6.6 VOLTAGE RESOLUTION: 

The maximum incremental change in Output Ratio 
with shaft travel in one direction in any specified 
portion of the resistance element. 
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VOLTAGE 
RESOLUTION 


OUTPUT RATIO 


1 TRAVEL 
' * RESOLUTION 


TRAVEL 


FIGURE 6.6 Wirewound resolution 


Note: The illustration above is valid only for 
wirewound potentiometers because of the 
_. stepped” nature of the output function. For 
- determination of the effect of resolution in a 

nonwirewound potentiometer, refer to Output 

Smoothness (6.2). 


6.7 DIELECTRIC WITHSTANDING VOLTAGE: 

Ability to withstand under prescribed conditions, a 

specified potential of a given characteristic between 

the terminals of each cup and the exposed 

~ conducting surfaces of the potentiometer, or 

~ between the terminals of each cup and the terminals 
of every other cup in the gang without exceeding a 
specified leakage current value. 


6.8 INSULATION RESISTANCE: 

The resistance to a specified impressed DC voltage 
between the terminals of each cup and the exposed 
conducting surfaces of the potentiometer, or 


. between the terminals of each cup and the terminals 


of every other cup in the gang, under prescribed 
ee 


- §.9 POWER RATING: 
The: maximum power that a potentiometer can 
_ - dissipate under specified conditions while meeting 
: ied performance requi | | 


APPLICATION NOTES 


6.9.1 POWER DERATING: 

The modification of the nominal power rating for 
various considerations such as Load Resistance, 
Output Slopes, Ganging, nonstandard environmental 


conditions and other factors. 


6.10 LIFE: 

The number of shaft revolutions or translations 
obtainable under specific operating conditions and 
within specified allowable degradations of specific 


characteristics. 
7 AC CHARACTERISTICS 


7.1. TOTAL INPUT IMPEDANCE: 

The impedance between the two input terminals 
with open circuit between output terminals and 
measured at a specified voltage and frequency with 


the shaft positioned to give a maximum value. 


TOTAL INPUT IMPEDANCE 


FIGURE 7.1 Total input impedance 


7.2 OUTPUT IMPEDANCE: 
Maximum impedance between slider and either end 
terminal with the input shorted, and measured at a 


specified voltage and frequency. 
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OUTPUT IMPEDANCE 


 FiGuReE 7.2 Output impedance 


7.3 QUADRATURE VOLTAGE. 
_ The maximum value of that portion of the output 
Voltage which is +90° out of time phase with the 
| input voltage, expressed as volts per volt applied, 
measured at a specified input voltage and frequency. 


7.4 PHASE SHIFT. 
The phase difference, expressed in degrees, between 
the sinusoidal input and output voltages measured at 
_ a Specified input voltage and frequency with the 


MATHEMATICALLY: 


® = sin"(e/e) = tan"'(e,/e, ) 


_ Shaft at a specified position. 
_ Ce = phase shift in degrees 
- - &, = quadrature voltage 

__ &_ = inphase output voltage 
 @ += output voltage 


MECHANICAL CHARACTERISTICS 


| SHAFT RUNOUT: 

€ eccentricity of the shaft diameter with respect to 
the rotational axis of the shaft, measured at a 

nce from the end of the shaft, The 
entiometer is held fixed and the shaft 
L tha specified load applied radially to 
haft. The eccentricity is expressed in inches, 
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8.2 LATERAL RUNOUT- 

The perpendicularity of the mounting surface with 
respect to the rotational axis of the shaft, measured 
on the mounting surface at a specified distance from 
the outside edge of the mounting surface. The shaft 
is held fixed and the body of the potentiometer iS 
rotated with specified loads applied radially and 
axially to the body of the pot. The Lateral Runout is 
expressed in inches, TIR. 


8.3 PILOT DIAMETER RUNOUT: 

The eccentricity of the pilot diameter with respect to 
the rotational axis of the shaft, measured on the pilot 
diameter. The shaft is held fixed and the body of the 
potentiometer is rotated with a specified load 
applied radially to the body of the pot. The 
eccentricity is expressed in inches, TIR. 


8.4 SHAFT RADIAL PLAY: 

The total radial excursion of the shaft, measured at a 
specified distance from the front surface of the unit. 
A specified radial load is applied alternately in 
Opposite directions at a specified point. Shaft Radial 
Play is expressed in inches. 


8.5 SHAFT END PLAY: 

The total axial €xcursion of the shaft, measured at 
the end of the shaft with a specified axial load 
Supplied alternately in Opposite directions. Shaft 
End Play is €xpressed in inches. 


8.6 STARTING TORQUE: 

The maximum moment in the clockwise and 
counterclockwise directions required to initiate shaft 
rotation anywhere in the Total Mechanical Travel. 


8.7 RUNNING TORQUE: 

The maximum moment in the clockwise and 
counterclockwise directions required to sustain 
uniform shaft rotation at a specified speed 
throughout the Total Mechanical Travel. 
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4 APPLICATION NOTES 


Once the maximum Slope is known, other 


_ parameters can be approximated by using the 
following: 


1. To determine the best conformity obtainable, 
select the potentiometer model that fits the 
application’s mechanical requirements. Then 
multiply the maximum slope times the 

an ce benreen : a oe sip : 16 char an - eal deve an d minimum practical linearity available in that 
a linear bridge network. For such applications, BI _ potentiometer. 
- Technologies manufactures non-linear 
_ potentiometers, identical to linear models i in every | 2. To determine the maximum total resistance 
_ way except for the resistance element. Non-linear which can be obtained, divide the maximum 
__ models with outputs ranging from the simplest total resistance available in the linear 
_ monotonic { function to the most complex non- potentiometer model by the maximum Slope of 
monotonic Fonction can n be supplied witheither the function. 
virewoun ne plastic resistance 
gle-turn ¢ turn models are 3, 
available i in many different housing sizes and © 
eee 


To determine the maximum power dissipation 
obtainable in a non-linear function, divide the 
power rating of the linear potentiometer model 


. . i. by the square root of the maximum slope of the 
CRITICAL NON-LINEAR PARAMETER function. 

The critical parameter for any non-linear function is _ 

_ the maximum slope of the function. For rotating _ *k 


units: 


Non-linear cermet potentiometers are available 
only in certain functions. Consult your local BI 
Technologies sales engineering representative 
for additional information. 


Slope = . 


Te: e, ©, =the output voltage 
_ and: G= = the angular rotation 


- - By convention. this equation can be written as: 


ratio “output sia) 


input voltage 
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PRACTICAL DESIGN DATA 


Nominal Diameter 
Single-Turn is 1 Ae" 1%s" 1s" 2" 3" 
Wirewounds (22,225mm) (26,975mm) (33,325mm) (36,500mm) (50,800mm) (76,200mm) 
Min. Practical Linearity (+%) 0.15 0.12 0.10 0.08 0.07 0.05 
Max. Total Resistance (ohms) 60K 100K 45K 50K 215K 145K 
Power Rating (watts at 40°C) 1.25 1.50 1.50 3.50 3.50 5.00 


Nominal Diameter and Rotation 


7, 7, 1 Ae" 1 Ae" 3 Ae 3 Ae 
Multi-Turn 1,800° 3,600° 1,080° 3,600° 5,400° 9,000° 
Wirewounds (22,225mm) (22,225mm) (46,025mm) (46,025mm) (84,125mm) (84,125mm) 


Min Practical Linearity (+%) 0.075 0.05 0.04 0.025 0.025 0.025 
Max. Total Resistance (ohms) 63K 125K 190K 650K 2 meg 3.3 meg 
Power Rating (watts at 40°C) 1.4 2.0 3.0 5.0 10.0 15.0 


Nominal Diameter 


cee i 1 Ye 1 He 2 
(22,225mm) (26,975mm) (33,325mm) (50,800mm) 
Min Practical Linearity (+%) 0:25 0.20 0.20 0.15 
Max. Total Resistance (ohms) 1 meg 1 meg 1 meg 1 meg 
Power Rating (watts at 85°C) 3.0 5.0 6.0 10.0 


Nominal Diameter 


Single Turn ; Pa ~~ " 
. . 1h" 1 As 1%s 2 
Conductive Plastics (22,225mm) (26,975mm) (33,325mm) (50,800mm) 
Min Practical Linearity (+%) 0.25 0.10 0.075 0.05 
Max. Total Resistance (ohms) 100K 100K 100K 150K 
Power Rating (watts at 70°C) 1.0 1.5 2.0 25 


The length of the resistance coil in wirewound 


units, or the potentiometer diameter in cermet 
and conductive plastic units. 
5. Whether the application requires a slider load. 


6. Whether the input is AC or DC. 
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MONOTONIC AND REVERSING FUNCTIONS | absolute conformity, proportional conformity or as 
A monotonic function i is one where the slope i is stepped conformity. Absolute Conformity is the 
either positive or negative throughout the entire maximum deviation of the actual function 
function. _- characteristic from a fully defined theoretical 


function characteristic. It is expressed as a 
percentage of the total applied (input) voltage and 
measured over an absolute angle (theoretical 


electrical travel). This angle is defined by an index 
point usually located on the steepest slope area of 
the actual output. The index point may not coincide 
with the tap points. See Figure 3. 


SPECIFIED MAXIMUM 


ABSOLUTE 
CONFORMITY 


THEORETICAL LIMITS y 
FUNCTION ——__ ai, 
CHARACTERISTIC aaa 


ACTUAL FUNCTION 
CHARACTERISTIC ——___/ 


INDEX POINT 
__ AV. 


OUTPUT RATIO e/E 


SPECIFIED 
MINIMUM 


TRAVEL 
) 


| oe 7 1.0 


——— TOTAL THEORETICAL ELECTRICAL TRAVEL (8,) —— 
ELECTRICAL CONTINUITY TRAVEL 


FIGURE 3. Absolute Conformity 


FIGURE 2. Reversing Function 


Proportional Conformity is the maximum deviation 


BI Technologies’ engineering personnel can provide of the actual function characteristic from a fully 
specific electrical values, taking into consideration defined theoretical function characteristic. However. 
all factors, for any non-linear function = _ unlike absolute conformity, it is expressed as a 
Sppucsnor _  i@2;S=&#]7+7FS—ti—“—_sSsFf percentage of the output voltage (see Figure 4). A 
_ - : true proportional conformity would be zero at the 
CONFORMITY __ | zero end of the function, as shown in Figure SA. 
Conformity is the fidelity of the relationship 2 However, this is not practical and cannot be 
between the actual function characteristic and the produced in a non-linear potentiometer. Figure 5B 


theoretical function characteristic. In non-linear shows a modified proportional conformity where the 


potentiometers, conformity can be specified as - conformity is a constant value over a small segment 
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of the theoretical function characteristic and is STEPPED CONFORMITY 


- -_ proportional to 0 the e out voltage over the balance Another type of conformity sometimes used 1s 
| _. stepped conformity, which is similar to proportional 


conformity in that closer tolerances are used only 


when needed. Tolerances are relaxed in other parts 


PROPORTI . . 
PROPORTIONAL | of the function. A typical example of a stepped 
ea conformity is shown in Figure 6. 


THEORETICAL / 
FUNCTION / 
CHARACTERISTIC —~ 


ACTUAL FUNCTION 
CHARACTERISTIC — 


OUTPUT RATIO e/E 


THEORETICAL 
FUNCTION — 


CONFORMITY 
TOLERANCE 
BAND — 


CONFORMITY 
MAXIMUM 


SPECIFIED 
MINIMUM 


TRAVEL 


0! 1.0 | 
| | 
«TOTAL THEORETICAL ELECTRICAL TRAVEL (@,) ——» | 
ELECTRICAL CONTINUITY TRAVEL 


FIGURE 6 
PROPORTIONAL 
TOLERANCE 
f—— ZERO TOLERANCE In applications where the function passes through a 


(Not Practical) a - ; 
zero voltage point in the middle of the function, the 


tolerances for either absolute or proportional 
FIGURE 5A conformity can be specified in two ways (see 

| Figure 7). 

(1) Peak-to-peak tolerances - expressed as a 
percentage of the total input voltage; (2) Zero-to- 
peak tolerances - expressed as a percentage of one- 


half of the total input. For example, if the specified 


PROPORTIONAL 
TOLERANCE 


fp re peak-to-peak conformity tolerance would be 
(Not Practical) +0.05%. 


zero-to-peak conformity tolerance is + 0.10%, the 


FIGURE 5B 
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VOLTAGE DIVIDER AND RHEOSTAT 
APPLICATIONS 


When a non-linear potentiometer is used as a three 
terminal device, as shown in Figure 9, the output 


voltage (e,,,,) is a function of the ratio of the 


FIGURE 7 


resistance between the slider terminal and one end 
— : : | terminal, and the total resistance. Since it IS a ratio 
LOAD COMPENSATION the total resistance does not affect the Output voltage 
When a slider load is a Part of the circuit, the effects in potentiometric or voltage divider applications. An 
of loading produces errors which must be exception is when considerable slider Current is 
Compensated for so that when the load is applied, drawn, for example, when there is very low load 
the output voltage will follow the desired function. ratio, 
The magnitude of the loading error is a function of When a non-linear potentiometer is used in a two 
the ratio of the slider load to the total resistance of terminal or rheostat application, the output of 
the potentiometer. This error varies inversely with interest is the resistance between the slider and one 
the load ratio. That is, a small load ratio will end terminal. with the other end termina] 
produce a large error. The following table gives the unconnected. In these applications, contormity 
conformity error for various load ratios. tolerance js generally expressed In ohms since the 
total resistance tolerance is a Part of the conformity 
Loed Ratio Conformity Error tolerance. 
Li 12.30% 
Zi 6.74% a 
Dl 2.90% 
10:1] 1.45% Ee 
20:1 0.75% 
50:1 0.30% ©OUT 
100: 1 0.15% Vv 
A slider load may be applied to either end of a 
function, or to the center tap as shown in Figure 8. FIGURE 9. Voltage Divider 


VARIABLE 
RESISTANCE 


. _ FIGURE 10. Rheostat 


CORPORATION 
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SLOPE RATIO— 
Tn addition to the maximum slope, the slope ratio of 
- anon-linear function is also an important parameter. 


Iti is defined as the ratio of the maximum slope 


divided by the minimum slope (see Figure 11). Any 
: function, where the minimum slope is zero, has an 

: infinite slope ratio. BI Technologies can supply non- 
_ linear potentiometers with a minimum slope of zero. 
~ Although the total resistance of the unit is 

_ _ determined by the maximum slope and the rate of 


slope change over the part of the curve nearest the 


_ maximum slope, the slope ratio affects the accuracy. 


a= SLOPE = 2 
dx 


= - SLOPE RATIO 


FIGURE 11 


_ TAPPED AND PADDED FUNCTIONS 
_ It is sometimes possible to obtain an acceptable non- 


_. nonlinear function in a wirewound potentiometer by 


tapping and padding a linear resistance element. 


"This can be done only where tolerances are not 


extremely close. The resulting function is a series of 


straight line segments which may closely 
approximate the desired function. The accuracy then 


becomes a function of the number of taps and pads. 


: More accurate non-linear wirewound functions are 


obtained by winding a variable pitch coil. BI 


Technologies can supply non-linear potentiometers 
_using either of the above methods. 


INFINITE SLOPE FUNCTIONS 


Certain mathematical functions, such as tangents, 


. secants, cosecants, square roots and inverse 
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functions have slopes which approach infinity. For 
these applications, it is necessary to limit the 
function at some point on the curve since an infinite 
slope cannot be achieved using any resistance 
material. For example, the tangent function shown 
in Figure 12 is usually limited to 75 degrees. At this 
point, the slope ratio is 4:1. If the function is 
extended only 5 degrees more to 80 degrees, the 
slope ratio becomes 16:1. In general, the higher the 
maximum slope, the poorer the conformity and the 


lower the total resistance obtainable. 


SLOPE RATIO <2 


SLOPE RATIO . 


FIGURE 12 


PHASING 

When multi-gang units are required, attention must 
be given to the problem of phasing the functions 
with respect to one another. For units where all the 
sections are non-linear functions, the standard 
practice is to phase the sections to meet 
simultaneous conformity. One of the sections, 
usually the section nearest the shaft end, is used as a 
reference. The reference unit contains an index 
which relates the start of the angular rotation to the 
output voltage. For multi-gang units with both linear 
and non-linear functions, the standard method is to 
phase the linear sections to the zero function angle 
of the reference non-linear section. The index of the 
non-linear section defines the starting point. 

Any combination of wirewound, cermet or 
conductive plastic non-linear or linear units can be 


ganged on a common shaft. 
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of wirewound models is limited primarily to values 
below 100K. Although the tempco may be 100 
ppm/°C, cermets exhibit excellent resistance stability 
over a wide range of environments and can dissipate 
high power with little or no change in performance. 
In addition, cermet can be made with total resistances 
of several megohms. Conductive plastic units 
generally have better electrical noise characteristics, 
whether measured as ENR, output smoothness or by 
dither test. Life of a conductive plastic is greater than 
that of other types. Also, better conformities can be 
provided in conductive plastic than in cermets. 


INFLUENCE OF RESISTOR ELEMENT 
ON POTENTIOMENTER CHARACTERISTICS 


RATING: 
1 Best 


ELEMENT TYPE 


WIREWOUND 


CONDUCTIVE PLASTIC 


HYBRID 


( HIGH TEMP CP 
OVER WW COIL ) 


CERMET 


NOTE: All element types are available in single turn units but only hybrid and 
wirewound are available in multiturn units. 


NOTES 


APPLICATION 


RANGE OF APPLICATIONS 

The versatility of the precision potentiometer 1S 
absolutely astounding. For more than 50 years, BI 
Technologies has provided technical and product 
leadership in this market and has supplied high 
meters to an ever 


_ | quality precision potentio 
We are continually 


expanding array of applications. 
amazed at the application growth. The vast majority 
omer application efforts have resulted in 


of our cust 
r that has 


int a : a customized or modified potentiomete 
been created to serve a specific customer 
requirement. We are committed to provide this kind 
a cost effective manner. 


of customer service in 
ention of the HELIPOT (multi-turn 
pioneering 

nd CONDUCTIVE 

es, BI has remained at 


From the inv 
helical potentiometer) to the 
developments in CERMET a 
PLASTIC element technologi 
the forefront in new technical innovation. We 
welcome an opportunity to demonstrate our 
capabilities by solving one of your tough problems. 


valet “based on 1 inch = = 
> same number i 


: pecificatio 
ase this catalog are stated 


Some of the broad application categories that utilize 


precision potentiometers include: 


¢ Military and 


¢ Heavy industrial 
commercial aircraft 


ge without not _ 
_ equipment 


and drawing « ac suracy th | 
: .. ¢ Automotive equipment ¢ Scientific equipment 


¢ Airborne equipment ¢ Electronic equipment 


¢ Process controls ¢ Medical equipment 


¢ Heating and air 


¢ Electric vehicles 
conditioning equipment 


eral, the specific function of a precision 


In gen 
e two categories 


potentiometer falls into one of th 


below: 
1. Position Sensors 


2. Precision Controls 
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AVIONICS / AEROSPACE 

The avionics and aerospace industry has required 
some of the most sophisticated precision 
potentiometers ever devised, and BI has been a 
leader in filling those needs. In virtually every case, 
a special product was required. Here are some 
examples: 


¢ Air-to-air missile control surface 
feedback sensors 


Nose up/down attitude sensors for 
ic controls, sensors and j feedback systems. commercial and military aircraft 
n potentiometers can n be found i in: 


Control surface position sensors 


Fluid level sensors 

* Cabin environmental controls for 
commercial and military aircraft 

* Ground equipment controls 


Service vehicle controls 


Helicopter flight controls 

° Guided missile Stage separation 
sensors 

* Guidance control feedback sensors 

, | : _ * Communications system controls 

Aaaxtuction. Bp precision p potentiometers * Aircraft lighting system controls 


ave been an ele = of control systems. Their 
. 4 INSTRUMENTATION 


In the field of instrumentation, proper control and 
analysis requires input from sensors, which are 
ae es and 2 air ir condoning | “near the action.” BI precision potentiometers have 
controls 3  - been, and are, excellent Choices for many such 
_ ientific and labc oratory i instrument applications. Among other things, they are robust in 
/ consoles design, dependable and accurate. Here is a brief list 
_imit setting controls for blood : of BI sensors now in use: 
pressure monitors ts _ * Ships roll indicator systems 
lor controls for printing presses * Hydrofoil rudder position feedback 
fusic system amplifier controls menSOks 


° Controls for gates in water treatment * Ships’ tank level sensors 
. CC | * Meteorological measuring equipment 


* Gyro compass sensors 
* Robotics position sensors 
* X-Y plotter position sensors 
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noise or can sharp spikes of short duration be 
permitted (or filtered out)? Is the standard 
noise test pertinent or do you need a different 
one? At what speed should it be run? 

Have you considered the effect wiper load is 
going to have on output accuracy? 
Manufacturers can compensate for most 
loads and achieve any desired accuracy more 
easily than you can. 

Are special taps needed? Are they to be 

used as voltage reference points (voltage tap) 
or as input points (current tap)? How are they 
to be located voltage-wise relative to the 
index point? Relative to mechanical stops? 
Relative to end taps (standard)? 

What is the electrical angle? How is it related 
to the required function? To the electrical 
angles or functions in other sections 
(phasing)? Is overtravel necessary? How is it 
related to the mechanical angle? 

Is end resistance critical? Should it be 
measured by resistance or voltage (a 
resistance measurement includes wiper 
circuit resistance, which a voltage 
measurement does not)? Should 
measurement be at the point of minimum 
resistance or voltage (standard) or at the stop 
(special)? 

What voltage is applied? How much current 
will flow through contact? Is this a rheostat 
application? What power is dissipated? 

What maximum dielectric strength is 
desirable? At sea level or what altitude? 

Is temperature coefficient of resistance 
important? Must it be matched to fixed 
resistors? Over what temperature range? 

Are AC characteristics important? 
Quadrature voltage? Capacitive reactance? 
Other? At what frequency? At what wiper 
setting? Measured between what points? 
How much backlash is tolerable? 
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OPERATING CONSIDERATIONS 

° How many shaft revolutions will be 
required? At what rpm? To what value may 
any of the original electrical or mechanical 
requirements be permitted to degrade? Is the 
rotation continuous (over the bridge)? In one 
direction? Will there be a problem with 
dither? 

° What is the Operating temperature range? 


How much can the original requirements 
change over this temperature range? 

° Are there other special operating conditions 
such as humidity, vibration, shock 
acceleration or altitude? 


TESTING CONSIDERATIONS 

° What acceptance testing is necessary? What 
documentation? Source inspection? 
Certification? Traceability? Would it pay to 
“burn-in” units to eliminate infant mortality? 


° What qualification test information is 
necessary? 

° In each case have the criteria for failure been 
specified? 

° Is failure mode parametric or Catastrophic? 

GENERAL 


Much of this information never appears on 
procurement documents. This is unfortunate 
because the potentiometer manufacturer can 

choose more wisely and economically among the 
factors that influence potentiometer 

performance if thoroughly aware of the application. 
If you are unsure about your requirements, please 
don't hesitate to call and discuss your requirements 
with one of our B.I. Technologies application 
engineers. 


BI Precision Potentiometers and Duodial® turns 
counting dials are available from BI sales 
engineering representatives in the United States, 


APPLICATION NOTES 


features require no special engineering and 
only a modest increase in potentiometer 
price. Check with your local BI Technologies 
sales engineering representative for 
additional information and cost for the model 


you wish to order. 


CUSTOM CAPABILITIES 

ROTARY MOTION PRECISION POTENTIOMETERS 
BI Technologies single and multi-turn precision 
potentiometers offer compact size and high 


precision with a very wide range of special features: 


° Industrial and MIL grade construction 

° Linearity 0.25% is standard; reduced 
tolerances available to suit application 
requirements. 

° Resistance tolerance to 1%. 

° Wirewound or hybrid elements. 

° Housing manufactured from metallic, 


phenolic or plastic materials. 

° Special shaft configurations to suit 
application requirements. 

° Multiple potentiometer outputs to suit 
application requirements. 

° Several potentiometers can be ganged on a 
single shaft. Each section can have any value 
of linearity, resistance or other special feature 


that will suit the application requirements. 


OIL-FILLED PRECISION POTENTIOMETERS 

A special version of the rotary precision 
potentiometer that is designed for longer life in 
hostile environments. Most BI potentiometer 
specifications can be provided in an oil-filled 


configuration that will suit the specific application. 
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The Special Products Group includes a sophisticated 
job shop. Systems or assemblies designed by our 
engineering team can be simulated, prototyped, 
assembled or manufactured and tested in-house. 
This Special Products Group’s design/build 
capability was specifically created to solve 
individual customer requirements . . . quickly and 


efficiently. 
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CROSS REFERENCE FOR MATCHING 
DIALS TO PRECISION POTS 


Pot Model _ Model Model Model Model | Model 
Models Series | Series Series Series Series | Series 
RB 2126 = 2100/2200 2600/26005 2620 |. 2640/26408 | 
2606 2646 
| 2607 2647 
RBB RBJ =_- 2126 2151 2257 2601 2606S 2621 2626 2641 2646S 
| | 2167 2267 26075 2627 | 2647S 


/ | / 


| 
| 
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MODEL SERIES 2620 


1” Diameter 
Analog 
Turns Counting Dial 


MODEL SERIES 2626 2627 
Counting Capacity, Maximum Turns 10 

For Shaft Diameter - SL TL 
For Bushing Diameter | Se 3/8" 

Depth: Maximum, From Face of Panel —«0.940" 

Shaft Extension: | Maximum, From Face of Panel 0.812” 

| Minimum, From Face of Panel i 20" 
Bushing Extension: Maximum, From Face of Panel oe 0.335" 

Locking Mechanism a oo - Positive Action 

Weight, Nominal | ; ee 0.35 oz. 

Number of Set Screws . | 2 

Numeral Height a 0.090 

Knob Material Black Plastic 

Primary Dial Finish _______ White Numerals on Black 

secondary Dial Finish ; Black Numerals on White 

Housing Finish 7 Black Plastic 

Operating Temperature Range oe _ -55°C to+71°C 
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Model Series 2620 


MODELS 2626 & 2627 


Mounting Surface 


25.4405 % 


94 
33g Max. $———. 


Panel Hole Dimensions 


Insert: 


. . oy Spun Metal 
953+0.13 JY P 


i 


Mounting Nut 


Locating Washer 


DIMENSIONS 
INCH 


nn 
mm 


THIRD ANGLE 
PROJECTION 
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MODEL 2126 


1” Diameter 
Digital 


Turns Counting Dial 


MODEL 2126M (METRIC) 
Counting Capacity, Maximum Turns 10 
For Shaft Diameter 1/4” | 6.00mm 
For Bushing Diameter | 3/8” 
Depth: Maximum, From Face of Panel | .69°/16.5mm 
shaft Extension: Maximum, From Face of Panel .65’/16.5mm 

; Minimum, From Face of Panel .43°/11.0mm 
Bushing Extension: | Maximum, From Face of Panel .16°/4.1mm 

Minimum, From Face of Panel 11°/72.8mm 
Locking Mechanism tL Locking Brake 
Weight, Approximate 0.76 02. 
Numerals L 0.09” High, White on Black Background 
# of Digits L 3 
Knob Material Polycarbonate, Black 
L 
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MODELS 2126 & 2126M 


Panel Hole Dimensions 
Anti-Rotation Pin 


Baer 
08 1; 28,5 Via. 
> Dia. 


DIMENSIONS 
INCH 


+ 
mm 


© 5 


THIRD ANGLE 
PROJECTION 
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MODEL SERIES 2600 
7/8” Diameter 
Analog 


Turns Counting Dial 


Distributor Item 


MODEL SERIES 2606 2607 2601 
Counting Capacity, Maximum Turns 20 | 15 
For Shaft Diameter | 1/4” V6. 
For Bushing Diameter L 3/8” 1/4” 
Depth: Maximum, From Face of Panel 0.900" 0.82” 
shaft Extension: Maximum, From Face of Panel 0.781 0.672” 
ee Minimum, From Face of Panel 0.628” 0.469” 
Bushing Extension: | Maximum, From Face of Panel 0.300” 0.270" 
Locking Mechanism Positive Action with Detent Positive Action 
Weight, Nominal 0.60 02. 

Number of Set Screws __ 1 | 2 4 
Numeral Height il 0.050” 

Knob Material Black Plastic 


Dial Finish 


Housing Finish 


Black Numerals on Satin Chrome 
satin Chrome 


Operating Temperature Range 


———————EE 


55°C to +71°C 


2606S 26075 


Counting Capacity, Maximum Turns 15 
For Shaft Diameter | 1/4 
For Bushing Diameter oe 3/8" 
Depth: Maximum, From Face of Panel iL 0.94" 
shaft Extension: Maximum, From Face of Panel 0.781” 

a Minimum, From Face of Panel vale. 
Bushing Extension: — Maximum, From Face of Panel | _ 0.300" 
Locking Mechanism Positive Action 
Weight, Nominal | 0.60 02. 
Number of Set Screws 1 : 2 
Numeral Height | 0.050" 
Knob Material : | Black Plastic 


Dial Finish 


Housing Finish 


Black Numerals on Satin Chrome 
satin Chrome 


Operating Temperature Range 
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55°C to +71°C 


Model Series 2600 


MODELS 2601, 2606, 2607, 2606S & 26075 


~<— Mounting Surface 
Nominal Cera = 


Panel Hole Dimensions 7 


Model _| Din. | Dim. 8 Adantet 
2606, 2607, 406 375 
2606S & 2607S 10.3 9.53 


Mounting Surface 


+ bi 


a 
Lever Travel 


375+ .0005 
: He la 
9.525" 99 


Locating* 
Plate 


DIMENSIONS 
INCH 


<< 4*#—_ > 
mm 
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CORPORATION 


MODEL SERIES 2640 
7/8” Diameter 
Analog 


Turns Counting Dial 


MODEL SERIES 2646 2647 2641 
Counting Capacity, Maximum Turns 20 19 
For Shaft Diameter 1/4” 1/8” 
For Bushing Diameter 3/8” 1/4” 
Depth: Maximum, From Face of Panel 0.900” 0.82” 
shaft Extension: Maximum, From Face of Panel 0.781” 0.672” 
Minimum, From Face of Panel 0.628" 0.469” 
Bushing Extension: | Maximum, From Face of Panel 0.300” 0.270” 
Locking Mechanism Positive Action with Detent Positive Action 
Weight, Nominal [ 0.60 02. 
Number of Set Screws | 1 | 2 1 
Numeral Height 0.050" 
Knob Material Black Plastic 


Dial Finish 


White Numerals on Black Matte 


Housing Finish 


Satin Chrome 


Operating Temperature Range 


—55°C to +71°C 


2646S 26475 


Counting Capacity, Maximum Turns oe 15 
For Shaft Diameter | 1/4” 
For Bushing Diameter | 3/8” 
Depth: Maximum, From Face of Panel | 0.94” 
shaft Extension: Maximum, From Face of Panel 0.781” 
Minimum, From Face of Panel 0.578" 
Bushing Extension: | Maximum, From Face of Panel | 0.300” 
Locking Mechanism Positive Action 
Weight, Nominal 0.60 oz. 
Number of Set Screws | | 2 
Numeral Height 0.050” 
Knob Material it. Black Plastic 
Dial Finish ot White Numerals on Black Matte 
Housing Finish oatin Chrome a 
Operating Temperature Range —59°C to +71°C 
| e 
Bi f echnologies 3-10 Model Series 2640 


MODELS 2641, 2646, 2647, 2646S & 26475 


—— Mounting Surface 
Nominal | 90 +.02 
22.9+0.5 


Panel Hole Dimensions 


[Model | Dim.A | Dim.B | | jaantor 
(if needed) 

2646, 2647, 406 375 

2646S & 2647S | 103 9.53 


Max. Brake 
Lever Travel 


875+ 016 
22.22 + 0.40 


—_—_—P 


, ee eae 


Locating” 
~—— Plate” ~ 


*Model 2641 supplied with locating washer instead of locating plate. 


DIMENSIONS 
INCH 


40 
mm 


© ft 
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Model Series 2640 


MODEL SERIES RB 
1-13/16” Diameter 
Analog 

Turns Counting Dial 


MODEL SERIES 


Counting Capacity, Maximum Turns 


Distributor Item 


For Shaft Diameter 


For Bushing Diameter 1/2” _ 


Depth: Maximum, From Face of Panel 


Lt 


Shaft Extension: Maximum, From Face of Panel 
Minimum, From Face of Panel 


Bushing Extension: Maximum, From Face of Panel Sal 


Locking Mechanism 
Weight, Nominal 


937° 
103” 


0.812” 

0.562” 

0.406” 
Positive Action 

3.0 02. 


3.3 OZ. 


Number of Set Screws 


ee ee 
Numeral Height 


0.100” 


Knob Material 


Black Plastic 


Dial Finish 


Black Numerals on Satin Chrome 


Housing Finish 


Satin Chrome 


Operating Temperature Range 


—59°C to +71°C 


Counting Capacity, Maximum Turns 


For Shaft Diameter 


For Bushing Diameter 


Depth: Maximum, From Face of Panel 


1.020” 


Shaft Extension: Maximum, From Face of Panel 
Minimum, From Face of Panel 


0.812” 
0.562” 


Bushing Extension: Maximum, From Face of Panel 


| 


0.406" | 0.297" 


Locking Mechanism 


Positive Action 


| 


3.0 02. 


Weight, Nominal 
Number of Set Screws 


1 


0.100” 


Numeral Height 
Knob Material | 


Black Plastic 


Dial Finish 


Black Numerals 
on Satin Chrome 


White Numerals 
on Black Matte | 


Housing Finish 


Black Matte | satin Chrome 


-95°C to +71°C 


Operating Temperature Range 
@ 
51 technologies 3-12 


Model Series RB 


MODELS RB, RBB, RBC, RBD & RBJ 


Mounting Surface, RBB Only 
Panel Hole Dimensions Mounting Surface 


594 + .016 


594 + 016 102 
15,09 + 0,41 PBB Only 75 g Max. 


RBB Only 25.9 
SE 


625 + .005 
15.9 1 0.73 
-@-—_—_—— 


Max. Possible : 
Level Travel : 


jost 
~~ =.000 pia. Mounting Nut + 1812+.016 pig 
Tees (Not used on RBB) 46.03 + 0.41 
(Not used on RBB) 
Locating Washer 1.969 + 016 Dia. 


013 + 0.41 
(Not used on RBB) i i an 


DIMENSIONS 
INCH 


+__ > 
mm 


© ff. 
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CORPORATION 


MODEL SERIES 
2100, 2200 

1” Width 

Digital 

Turns Counting Dial 


MODEL SERIES 


Counting Capacity, Maximum Turns 10 100 
For Shaft Diameter 1/4” | 6mm | 1/4” 
For Bushing Diameter 3/8” 
Depth: Maximum, From Face of Panel 1.190” 
Shaft Extension: Maximum, From Face of Panel 0.800” 
Minimum, From Face of Panel | 0.650" 
Bushing Extension: | Maximum, From Face of Panel 0.310” 
Locking Mechanisms Positive Action 
Weight, Nominal 1.50 02. 
Number of Set Screws 2 
Numerals 0.120” High, White on Black 
# of Digits 3 | 4 
Knob Material Black Plastic 
Housing Finish Clear Anodized 
Operating Temperature Range _ -55° C to + 71°C 
Counting Capacity, Maximum Turns 10 il 100 
For Shaft Diameter 1/4” 
For Bushing Diameter 3/8" 
Depth: Maximum, From Face of Panel 1.190” 
Shaft Extension: Maximum, From Face of Panel 0.800” 
Minimum, From Face of Panel 0.650” 
Bushing Extension: | Maximum, From Face of Panel 0.310" 
Locking Mechanisms Positive Action 
Weight, Nominal 1.50 02. 
Number of Set Screws 2 
Numerals 0.120” High, White on Black 
# of Digits 3 | 4 
Knob Material Black Plastic 
Housing Finish Black Anodized 


Operating Temperature Range 
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-99° C to + 71°C 


3-14 


Model Series 2100, 2200 


MODELS 2157, 2255, 2257, 2167 & 2267 
ie 660 + .010 
Lest 015 ke werOn 


1.750 + .015 
44 45 +0,38 


290 + 010 
14,1+0,25 


1.190 +003 Panel Hole Dimensions 
26,67"% 128 ‘001 


(#30 Drill) 


Component Shaft Hole —, 
Q 


\ 


4 Wheel Version 3 Wheel Version 
Models 2255, 2257 and 2267 Models 2157 and 2167 


DIMENSIONS 
INCH 


+ 
mm 
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CORPORATION 


MODEL 2696 
7/8” Diameter 


Low Cost Plastic Analog 
Turns Counting Dial 


Counting Capacity, Maximum Turns 10 
For Shaft Diameter 1/4” 
For Bushing Diameter 3/6" 
Depth: Maximum, from Face of Panel 0.900” 
Shaft Extension: Maximum, from Face of Panel 0.781” 

Minimum, from Face of Panel 0.620” 
Bushing Extension: Maximum, from Face of Panel 0.300” 
Locking Mechanism Positive Action 
Weight, Nominal 16 Grams 
Number of Set Screws 1 
Numeral Height 0.050” 
Knob Material Black Plastic 
Dial Finish White Numerals on Black Matte 
Housing Finish Satin Chrome 
Operating Temperature Range - —55°C to +71°C 


MODEL 2696 


Mounting Surface 


PANEL HOLE 90+.02 


DIMENSIONS 22.9+0.5 


.496+.010 


12.6+0.25 


Max. Brake 
Lever Travel 


DIMENSIONS 
INCH 


mm 
875+.016 


~ 22.22+0.406 
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Networks 


iode 


TECHNOLOGY 


Precision 
Thin Film 


Cost Effective 
Thick Film 


1») 
NETWORK 


660 
Series 


en 2a 


DESCRIPTION 


8/14/16 pin, 0.150" wide 
SOIC gull-wing 


NQS 
Series 


688 


116, 20 and 24 pin dual 
in line QSOP package 

0.150” wide and 25 mil 
pitch 


|16 pin 0.300" wide 
gull-wing 


688V100 


BCT 


620 
Series 


6271500/ 
1250 


16 pin 0.300" wide 
gull-wing package 


0805, 1206 + 0.1%, 
+ 25ppm/°C discrete 
chip resistors 
690 | 8/14/16 pin thru-hole DIP 
series 


14/16 pin 0.220" wide 
gull-wing 


14 pin 0.220” medium body 
gull-wing package 


627V100 14 pin 0.220" medium body 


gull-wing package 


16 pin R/2R ladder 0.220” 


wide network 
4/8/10 terminal leadless 
ceramic chip networks 


0402, 0603, 0805, 1206, 
1210, 2010, 2512 

Avail Tol.: +0.5%, +1%, 
+2% & +5% 


PRODUCT SELECTOR GUIDE 


APPLICATION 


Amplifier gain setting, 
accurate attenuator 
voltage divider. 
Amplifier gain setting, 
accurate attenuator 
voltage divider, pull up/ 
pull down and line 
termination. 

resistance values. 

Voltage divider network for 
P6 (Pentium processor) 
power supply module; 
designed in conjunction with 
Linear Technology voltage 
regulator LTC 1430 leadless. 
Compact, surface mount 
precision alternative to 
leaded resistor. 

same as 660. 


General purpose pull up/ 
down, line termination 
and current limit uses. 
CCITT V.35 termination 
network; designed in 
conjunction with Linear 
Technology V.35 
transceiver IC LTC:1345. 
Voltage divider network for 
P5 (Pentium processor) 
power supply module; 
designed in conjunction with 
Linear Technology voltage 
regulator LTC 1584/1585. 
attenuation applications. 
same applications as 
620, but where 

space is at a premium. 
Industry standard 

thick film chips for 
universal application. 


Thick Film 


(Continued) 


Integrated 


R/C Networks 


TECHNOLOGY 


Diode 
Networks 


~ Cost Effective 


SMD 
NETWORK 


CHIP 


Series 


PRODUCT 


DESCRIPTION 


4 to 10 pin conformal SIP 
Tol.: +2%, 0.195” max 
height 


SELECTOR GUIDE 


APPLICATION 


General purpose, pull up/ 
down, line termination, 
'and current limit uses. 


M 4 to 10 pin economical General purpose pull up/ 
series | conformal SIP down, line termination, 
Tol.: 5%, 0.195" max and current limit uses. 
| height cf 
T Ultra-low profile same as L, but 
series conformal for height critical 
0.140" max height packaging. 
BH High power conformal For circuits where 
series power dissipation is an 
important issue. Rated 
at 0.250W to 0.400W 
| per resistor. 
BHV High voltage, high value For use in high voltage 
series dividers, bleeder 


circuits, CRT flyback 
_| transformers. 


| 


RC6 


Series 


CR 
Series 


890 


D 
Series 


4-3 


circuit R/C network 


(Custom) | 14/16/18/20 pin packages 
Occ aca aa 


R/C networks 
2012 leadless multiple 


BPC Non inductive planar Inrush current limiters, 
thick film power resistor preload circuits & snubber 
| Series | 3, 5, 7.5 & 10 watts Circuits. 
880 | 18/20 pin CERDIP Ideal for multi-line 
iL termination; e.g. SCSI. 
890 =| 14/16 pin CERDIP General purpose 
pull up/down, line 
termination, and 
— | Current limit uses. 
898L |8and10bitR/2R ladder | Lowcost DAC and 
: __| attenuator applications. 
RC3/ 0805, 1206 single chip Ideal for space critical 


_| AC termination and 


noise filtering 
applications. 


Conformal capacitor 
SIP network 


| Efficient solution 
wherever multiple 
Capacitors are required. 


Conformal R/C 
SIP network 


R/C CERDIP 


AC termination 

and noise filtering 
applications. 

Timing circuits, filters, 
AC signal termination. 


Low profile diode network 
conformal SIP 


| Signal clamping, input 
transient protections. 


PASSIVE NETWORK PACKAGING 


3 


WF) lt | CO} Mm | CO} | Ol rm | NOD} 1} CO] OLN | t+ JF} cO} 00} ©} st} OO] CO] CO] N | st} CO] oO 
mp ro eo eo el NIN OO mmm NINN GN OD 


Thick Film 
in Count 


p 
Pin Count 


MODEL SERIES BCN 
Thick Film Network 
Chip Arrays 


Model BCN 2D (1.6mm Width) 2 Resistors 
Model BCN 4D (3.1mm Width) 4 Resistors 
Model BCN 16 4A (1.6mm Width) 4 Resistors 
Model BCN 31 8R & 8S (3.1mm Width) 8 Resistors 


e Reliable monolithic construction 
¢Nickel barrier terminations = 
¢Top side marking for easy identification = 
* Concave or convex termination styles 

¢ Square or scalloped edges available = 


Standard Resistance Range, Ohms 
standard Resistance Tolerance 


Operating Voltage, Maximum 


APPLICATIONS 


e Pull up/pull down resistors for digital IC’s 


e Series termination on high speed data busses 
¢ Current limit for LED displays 


e Saves board space over equivalent rated chip resistors 
e Eliminates up to seven pick & place operations 

¢ Single component reliability 

e Leadless chip, reduced inductance 

e Mounts close to active devices 


10 to 1 Megohm 

+5% (J Tol.) 

Optional +2% (G Tol.) BCN 16 Only 
BCN 2D, BCN16 4A, BCN 31: 50V dc 
BCN 4D: 75V dc 


Power Rating, Watts at 70°C 


BCN 2D: 63mW Per Resistor 
125mW Per Package 
BCN 4D: 125mW Per Resistor 
500mW Per Package 
BCN 16: | 63mW Per Resistor 
200mW Per Package 
BCN 31: 63mW Per Resistor 


S00mW Per Package 


Specifications subject to change without notice. 
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Model Series BCN 


ENVIRONMENTAL 


Operating Temperature Range -55°C to +125°C 
Temperature Coefficient of Resistance BCN 2D: +300ppm/°C 


Moisture Resistance 1,000 hours at +40°C, 95%R.H.(3.0%+0.1Q AR) 
High Temperature Operation 1,000 hours at 70°C (5.0%+0.1Q AR) 
Short Time Overload 2.9 X rated voltage, 5 sec. (2.0%+0.1Q AR) 
Temperature Cycling -55°C to +125°C, 5 cycles (1.0%+0.1Q AR) 
Resistance to Solder Heat 260°C for 10 sec. (1.0%+0.192 AR) 
Load Life 1,000 hours at 70°C (3.0%+0.1Q AR) 


STANDARD RESISTANCE VALUES, OHMS 


Model BCN 2D, BCN 4D & BCN 16 


10 100 #41K 10K 100K 
12 120 1.2K 12K = 120K 
15 150 1.5K 15K 150K 
18 180 18K 18K 180K 
22 220 22K 22K 220K 
2/7 270 27K 27K 270K 
33 330) «=63.3K = 88K =— 830K 
39 390 39K 39K 390K 
47 470 47K 47K 470K 
96 560 5.6K 956K 560K 
68 680 68K 68K 680K 
82 820 82K 82K 820K 


BCN 31 8R 


BCN 31 8S 


Model BCN 31 8R Model BCN 31 8S 


47 ~=©10K 51 47K 
47K 220 1Meg 
1K 
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OUTLINE DIMENSIONS (Inch/mm) 


Exterior Termination (Convex) 


Scalloped Edge: Models BCN 2D, BCN 4D, BCN 16 
a ee 


(BCN 4D, BCN 16) 


L 


W 


Square Edge: Models BCN 4D, BCN 16, BCN 31 


H 


i 


(BCN 31) 


Lal 


y 


(BCN 4D, BCN 16) 


> P+ 


.063+.006 
1.60+0.15 


.063+.006 .020+.004 


1.60+0.15 


0.50+0.15 


.210+.008 
5.10+0.20 


.122+.008 
3.10+0.20 


.126+.004 
3.2+0.10 


.202+.004 


.063+.004 
1.60+0.10 


— 


.022+.004 


.031+.004 


0.80+0.10 
.050+.008 


.020+.004 
0.50+0.10 


.030+.008 


.010+.004 
0.25+0.10 


.012+.008 


0.55+0.10 


.020+.004 
0.50+0.10 


1.27+0.20 


031+.002 | 
-0.50+0.10 


0.80+0.05 


0.80+0.20 
.020+.004 


0.30+0.20 


-009+.005 


Solder 


ra Termination 
- 


ra 


H 


ar a eneneee oe 
Hittite] Ty 
- ft 


Ema 
mil) 1B hee 


0.225+0.125 


.122+.004 


.022+.004 


.050+.002 


.032+.004 


.012+.004 


6.40+0.10 


3.10+0.10 


0.50+0.30 


1.27+0.20 


.080+0.20 


Interior Termination (Concave) 
Square Edge: Models BCN 16, BCN 31 


H 


P 


0.30+0.10 


.063+.006 


1.60+0.15 


.024+.004 
0.60+.10 


C 1 
otf fe 
7 
W 
- | 
p | 
C JP _ B Solder | 
Termination 
ed H 
L 
C 
: 
_ .126+.008 
3.20+0.20 
4. .252+.008 
6.40+0.20 
~— 
C 
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.122+.008 


.022+.004 


.031+.004 


0.08+0.10 


.016+.006 
0.40+0.15 


.039+.008 


3.10+0.20 


0.60+.1 


1.00+0.20 


.012+.008 
0.30+0.20 


.024+.008 
0.60+0.20 


.012+.008 
.03+.20 


Model Series BCN 


Glass Passivation: Resistor: 90/10 Tin-Lead 
Glass Protective Coating Ruthenium Oxide Solder Coating 


ZZ 


* 
UI A. ST SF 


Nickel Barrier 


Silver Palladium 


Electrode: 
Solder Plating on 
Thick Conductor 


Substrate: 
Alumina 


-- Model BCN 2 


| 


BCN 4D 


BCN16 4A 


BCN 31 8R & 8S 
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ORDERING INFORMATION 


7 


Model Series i Packaging Option: 


Nin: af Resietore: 7 = 7" Diameter Reel 
ie BCN 2D = Paper Tape, 5K/Reel 
BCN 2D = 2 Resistors 
BCN 4D = 4 Resistors BCN 4D = Embossed Tape, 4K/Reel 
13 = 13" Diameter Reel 
Circuit Configuration:. —————— BON 2D Pape) tape eum iee 
she te aaa BCN 4D = Embossed Tape, 16K/Reel 


Edge Option (B = Square Edge): ———___-—— Tolerance 
BCN 2D: Scalloped Edge Only- No Code Used i dictaneatate 
BCN 4D: Scalloped Edge - No Code Used 

Square Edge - Use Code 'B' 


7 
Model Series L Packaging Option: 
‘uae. 7 = 7" Diameter Reel 

sale eran BCN 16 = Paper Tape, 5K/Reel 

31 ; seat BCN 31 = Embossed Tape, 4K/Reel 

13 = 13" Diameter Reel 

BCN 16 = Paper Tape, 20K/Reel 

BCN 16 4A = 4 Resistors BCN 31 = Embossed Tape, 16K/Reel 


No. of Resistors: <—@—7____> 


BCN 31 8R or 8S = 8 Resistors \_____ Tolerance 


Circuit Configuration. ——————————___~ 
A = Isolated (BCN16) Resistance Code 
R = Bussed (reversed) (BCN 31) ae 

Termination Code: 
S = Bussed (standard) (BUN 31) No code used for standard exterior termination 
; | = Interior (Concave) Termination 

Edge Option (B= Square Edge): tia ae hegie 

BCN 16: Scalloped Edge - No Code Used All interior termination requires 'B' for square edge 
Square Edge - Use Code 'B' 
BCN 31: Square Edge Only - Use Code 'B' 
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MODEL BH SERIES ee 
Single In-Line 
High Profile 
Conformal Coated 


Thick Film Resistor Network 


Standard Resistance Range, Ohms 22 to 1Meg 
Standard Resistance Tolerance, at 25°C +2% 
Operating Temperature Range -55°C to +155°C 
Temperature Coefficient of Resistance +100ppm/°C (<1 00 Ohms = +250ppm/°C) 
Temperature Coefficient of Resistance, Tracking +50ppm/°C 
Maximum Operating Voltage 150V dc or VPR 
Insulation Resistance >10,000 Megohms 
Thermal Shock plus Power Conditioning AR 0.50% 
Short Time Overload AR 0.50% 
Terminal Strength AR 0.25% 
Moisture Resistance AR 0.50% 
Mechanical Shock AR 0.25% 
Vibration . AR 0.25% 
Low Temperature Storage AR 0.25% 
High Temperature Exposure AR 0.50% 
Load Life, 1,000 Hours 7 AR 2.00% 
Resistance to Solder Heat | . AR 0.25% 
(Per MIL-STD-202, Method 210, Cond.B) 

Dielectric Withstanding Voltage 200V for 1 minute 
Marking Permanency MIL-STD-202, Method 215 
Lead Solderability MIL-STD-202, Method 208 
Flammability UL-94V-O Rated 
Storage -55°C to +155°C 


Specifications subject to change without notice. 
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Lead Material Copper Alloy, 90/10 Tin-Lead Plating 
Substrate Material Alumina 
Resistor Material | Cermet 
Body Material Conformal Epoxy Resin 


OUTLINE DIMENSIONS (Inch/mm) 


320 
3.13 Max 


140+ 000 020 

“ Y 3.56+0.51 
100 = 005 a EE 020 + .004 a 012 + .003 
2.54 +0.13 0.51 + 0.10 0.31 + 0.08 


Pitch. Non- }+-No. of Leads Centered 
Accumulative on Package 


# of Leads 


60 70 80 90 1.00 1.10 1.20 1.30 1.40 
Max. mm 10.16 12.70 15.24 17.78 20.32 22.86 25.40 27.94 30.48 33.02 35.56 


—3 Circuit, Isolated Resistors —1 Circuit, Bussed Resistors 


Lead #1 Indicator 


Model Series Resistance Code 


Number of Leads Circuit Type 
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-3 Circuit (Isolated Resistors) and -1 Circuits (Bussed Circuits) 


Ohms Code Ohms Code Ohms Code 100 


22 220 80 


27 270 Percentof 60 
33 330 Rated Power 40 


39 390 90 


47 470 0 


51 510 nee 130 15 
e 
56 560 si 


68 680 
82 820 
100 101 
120 121 
150 151 


180 181 
201 Package -| 


990 9914 1.25 .200 
2/70 271 1.75 200 
330 334 220 200 


390 391 
471 
910 o11 
960 061 
680 681 105 


27K 273 
-) Circuit (Dual Terminators) Standard: Bulk 
Ohms Code Ohms Code Ohms Code Capacity = 200 Units 


R1/R2 R1/R2 R1/R2  ~——R1/R2 R1/R2 = R1/R2 
180/390 181/391 330/390 331/391} 3K/6.2K 302/622 
220/270 221/271 330/470 331/471 
220/330 221/331 330/680 331/681 
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BH 8 5 331/471 F 
Model Series | | [ Tolerance Code: 


(If other than standard) 
Number of Leads: F =+1% 


4 thru 14 J =+5% 


Circuit Type: 
-3 = Salata ———— R2 Resistance Code 


-1 = Bussed (Add for -5 circuit only) 
-5 = Dual Terminator 


Resistance Code 
First 2 digits are significant 
(3 digits for +1%) 

Last digit denotes number 
of trailing zeros 
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MODEL BHV SERIES 
High Voltage / High Value 
Conformal Coated 


Thick Film Resistor Network 


APPLICATIONS For leaded device consult factory 


e Photomultiplier power supplies 


e Voltage sense in high voltage power supplies 


e High voltage bleeder resistors 


e Deflection circuitry in display systems and monitors 


Resistance Range, Maximum 
Standard Tolerances 


1G Ohm 


+10%, +5% 


Operating Temperature Range 

Temperature Coefficient of Resistance, Maximum 
Voltage Coefficient 

Divider Ratio 


-50°C to +125°C 


+150ppm/°C 


<2ppm/V 


1,000:1 Max. 


ENVIRONMENTAL (PER MIL-R-83401, REV. D) 


Thermal Shock 
Terminal Strength 


AR 0.50% 


AR 0.25% 


Moisture Resistance 
Mechanical Shock 
Vibration 


AR 0.50% 
AR 0.25% 


Low Temperature Storage 
High Temperature Exposure 


AR 0.25% 
AR 0.25% 


AR 0.25% 


Load Life, 1,000 Hours 


AR 1.00% 


Resistance to Solder Heat 


AR 0.25% 


Dielectric Withstanding Voltage, Minimum 


9,000 Vde 


Marking Permanency 
Lead Solderability 
Flammability 


MIL-STD-202, Method 215 


MIL-STD-202, Method 208 
UL 94V-0 Rated 


Storage 


-90°C to +125°C 


Specifications subject to change without notice. 
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CORPORATION 


Model BHV Series 


Samples here represent 
typical schematics. 


about your specific 


ZA Y, 


*P* Dim. \ Solderable 


't" Dim. I — 
(2x) 


0.50 1.70 0.03 
12.7 43.0 0.75 


PL IT] 


100M 


POWER (WATTS) DISSIPATION AT 70°C 


Package 


0.8 
0.9 
2.0 
3.0 


Degrees C 


CUSTOM CAPABILITIES 


55 technolog 


Model BHV Series 


STANDARD TYPES 


BHV 14 14 kV, Max. 
BHV 17 17 kV, Max. 
BHV 20 20 kV, Max. 
BHV 30 30 kV, Max. 
_ MEUANICRE 
Cover Coat Polymer 
Substrate Material Alumina 
Resistor Material Cermet 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed Film, General Specifications 
MIL-STD-202 — Test Methods for Electronic and Electrical Component Parts 


ORDERING INFORMATION 


XXX J 


Model Series | Lo Tolerance: 


_ 0 
Voltage Rating in kV 7 _ ie a 


substrate with solder pads First 2 digits are significant. 
Last digit denotes number 
of trailing zeros. 


Standard: 100 units per box 


Option: Consult factory for special packaging to meet customer requirements 
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MODEL C-SERIES 
Conformal Coated 
Single In-Line 


Capacitor Network 


e Isolated or bussed circuits 


¢ 4 to 14 pins 
[eels al a sa a ce 

Rated Voltage 2o0Vdc, 50Vdc, 100Vde 
Capacitance Range 10 to 470,000pF (Custom 2.2 to 10 pF max.) 
Tolerance J= 45% 
Ka #10% 
M = +20% 
Z = +80 to -20% 
Temperature Coefficient CG (+30ppm/°C), SL (+350/-1 ,000ppm/*C) 
% of Change +15% (X7R), +22/-88% (Y5V) 
Operating Temperature Range | CG, SL & X7R: -55°C to +125°C 


Y5V: -30°C to +85°C 


OUTLINE DIMENSIONS (Inch/mm) TYPICAL PART MARKING 


.100(2.54mm) x n+ .050(1.27mm) Max. 
le 


: 7 > 
| n =# of Leads | 


fy? 


i. .100+.010  .138+0.03 


| 9.5420.25 3,540.8 


Lead #1 Model Date Code 
Indicator 


Specifications subject to change without notice. 
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Cc ie 4 


ORDERING INFORMATION 


Model Series | a Rated Voltage: 


No. of Leads: 
4 to 14 pins 


Circuit Type 


Capacitance 
Code: 
102 = 1,000pF 


-1 Circuit -2 Circuit 


n+1 ----n-1 n 


2 


-3 Circuit -4 Circuit 


HEL TETT 


-8 Circuit 
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CORPORATION 


2=20V de 
9 = SOV de 
1 = 100V de 


Dielectric: 

S = SL:10pF ~ 3,300pF 

X = X7R: 680pF ~ 47nF 

Y = Y5V: 10pF ~ 1,500pF 

N = NPO (CG): 10pF ~ 1,500pF 


Tolerance: 

J =+5% 

K =+10% 

M = +20% 

Z =-20% ~ +80% 


T1 
J { 


-- n-1 n 


Model C-Series 


MODEL CR-SERIES 


Conformal Coated 


Single In-Line 


Resistor/Capacitor Network 


e4to 14 pin 


e Standard and custom circuits 


e Space saving design 


ELECTRICAL (CAPACITOR) 


Rated Voltage 25Vdc, 50Vdc, 100Vdc 
Capacitance Range 10 to 470,000pF (Custom 2.2 to 10 pF max.) 
Tolerance : : JO 6 
_K= 210% 

M = +20% 


Z = +80 to -20% 


Temperature Coefficient 
% of Change 


CG (+30 ppm/°C), SL (+350/-1,000ppm/°C) 
+15% (X7R), +22/-88% (Y5V) 


Operating Temperature Range 


CG, SL & X7R: -55°C to +125°C 
YOV: -30°C to +85°C 


ELECTRICAL (RESISTOR) 


Power Dissipation, Watts at 70°C 


1/8 to 1/4 per resistor 


Operating Voltage, Maximum 100Vdc 
Standard Resistance Range, Ohms 10 to 2.2 Meg 
Standard Resistance Tolerance 2%, 9%, 10% 
Temperature Coefficient of Resistance 100 to 300ppm/°C 
: -55°C to +125°C_ 


Operating Temperature Range 


Specifications subject to change without notice. 
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CORPORATION 


4-21 


Model CR-Series 


-A Circuit -B Circuit -C Circuit 


cL ok 
R1 R1 RI 
R2 R2 R2 
1 2 3 4 = «= 5...n-2 n-1 on 


-G Circuit -H Circuit -| Circuit 


ae Tee ey ri = ora = STAs © ni = °Ta = & TAs © 
R2 R2 R2 R2 R2 R2 R2 R2 R2 
1 2 3 4 5..n2 on 1 2 3 4 5... 0 1 2 3 4 Swinton 


-K Circuit -L Circuit -M Circuit 


Please consult factory 
for custom circuits. 


Date Code 
Indicator 
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PORATION 


100(2.54mm) x n + .050(1.27mm) Max. 


| n = # of Leads 


.100+.010 .138+0.03 
2.54+0.25 3.5+0.8 


— i ——— 


5 
Rated Voltage: 
Model Series 9=25V dc : 


9 = SOV de 
1 = 100V de 


No. of Leads: 
4 to 14 pins 


— = J IGIECIIIC: 
Circuit Type S = SL: 10pF ~ 3,300pF 

X = X7R: 680pF ~ 47nF 

Y = Y5V: 10pF ~ 1,500pF 

N = NPO (CG): 10pF ~ 1,500pF 


Resistance Code: 
101 = 100Q 


Resistance Tolerance and TCR: ———— Cap. Tolerance: 
G =+2%, TCR = +100ppm/°C J =+5% 

J =+5%, TCR = +200ppm/°C K =+10% 

K = +10%, TCR = +200ppm/°C M = +20% 


Z =-20% to +80% 


Capacitance Code: 
101 = 100pF 


Custom Circuits A to U 


CR 10 A 001 


Model Series | | Le Unique Part Number 


No. of Leads: (Assigned by Factory) 
4to 14 


Circuit Type 
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CORPORATION 


MODEL D-SERIES 
ingle In-Line 
onformal Coated 


iode Network 


¢4 to 14 pins 
e Multiple Circuit Configurations 
° Space saving design 


Reverse Voltage, Vp 80V 
Reverse Current, lp 1.0HA (Vp=/70V 
Forward Current, Ir 100mA average 

300mA Surge (1ps Max.) 
Forward Voltage, V- 1.5V @ I-=100mA 
Package Power, Ppxe 200mW @ 25°C 
Reverse Recovery Time, t,, 4ns (Vp=6V, Ir=5mA, R, =50Q 
Capacitance, C O.OpF (Vp=6V, f=1MHz 
Junction Temperature, T), Max. 125°C 
Storage Temperature -50°C to +125°C 


ORDERING INFORMATION 


Circuit Code: 
A: Common Anode 


D9 
| 
Model Series 


No. of ee C: Common Cathode 
4to 14 


Schematic 


Specifications subject to change without notice. 
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CORPORATION 


SCHEMATICS (COMMON CATHODE TYPE) OUTLINE DIMENSIONS (Inch/mm) 


.100(2.54mm) x n + .06(1.5mm) Max. 


\¢ 
-1 Circuit | n = # of leads "| 


- ). 100+.010 
2.54+0.25 


—- 


-2 Circuit 


Marking Color: 


1 A (Common Anode-Type) 
White Color 


-3 Circuit 
2 C (Common Cathode Type) 
Yellow Color 


| 
Date Code 


-5 Circuit 
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‘ORPORATION 


MODEL L-SERIES 
Single In-Line 
Low Profile 


Conformal Coated 


Thick Film Resistor Network 


Standard Resistance Range, Ohms 


Distributor Item 


22 to 1Meg 


Standard Resistance Tolerance, at 25°C 
Operating Temperature Range 


+2% 


-59°C to +125°C 


Temperature Coefficient of Resistance 


+100ppm/°C (<100 Ohms = +250ppm/°C) 


Temperature Coefficient of Resistance, Tracking 
Maximum Operating Voltage 
Insulation Resistance 


ENVIRONMENTAL 


Thermal Shock plus Power Conditioning 


+50ppm/°C 
100V dc or VPR 


>10,000 Megohms 


AR 0.70% 


Short Time Overload 
Terminal Strength 


AR 0.25% 


AR 0.25% 


Moisture Resistance 


AR 0.50% 


Mechanical Shock 


AR 0.25% 


Vibration 


AR 0.25% 


Low Temperature Storage 

High Temperature Exposure 

Load Life, 1,000 Hours 

Resistance to Solder Heat 

(Per MIL-STD-202, Method 210, Cond.B) 
Dielectric Withstanding Voltage 


AR 0.25% 
AR 0.50% 


AR 2.00% 


AR 0.25% 


200V for 1 minute 


Marking Permanency 


Lead Solderability 
Flammability 


MIL-STD 202, Method 215 
MIL-STD 202, Method 208 


UL-94V-0 Rated 


Storage 


Specifications subject to change without notice. 
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CORPORATION 


-59°C to +150°C 


Model L-Series 


Lead Material Steel Alloy (Standardl) 
Copper Alloy (Option) 


Lead Finish 90/10 Tin-Lead 
Substrate Material Alumina 


Resistor Material Cermet 
Body Material Conformal Epoxy Resin 


STANDARD RESISTANCE VALUES, OHMS POWER DERATING CURVE 


-3 Circuit (Isolated Resistors) and -1 Circuits (Bussed Circuits) 


Ohms Code Ohms Code Ohms Code 


100 
80 
Percentof 60 
Rated Power 40 
20 


0 
70 125 150 
Degrees C 


— Resistor (Per Circuit) — 
Model Package -1 -3 “0 


eo : Ado 
125 125 
129 . 125 


-5 Circuit (Dual Terminators) 


Ohms Code Ohms Code Ohms Code 


R1/R2 R1/R2 R1/R2 R1/R2 R1/R2 R1/R2 
180/390 181/391 | 330/390 331/391 | 3K/6.2K 302/622 
220/270 221/271 | 330/470 331/471 

220/330 221/331 | 330/680 331/681 
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CORPORATION 


095 
| a 
rT hi To el | 


140 + .020 
Max. [3.56+0.51 06 + 0.51 


oe 


100 + .005 Vy Lh ceo 0 020 = 004 + .004 | 12+ 003 012+ 003 
2.54 + 0.13 0.51 + 0.10 0.31 + 0.08 
Pitch. Non- No. of Leads 


; . Centered 
ccumulative on Package 


# of Leads 


40 00 .60 10 .80 .90 1.00 1.10 1.20 1.30 
10.16 12.70 15.24 17.78 20.32 2286 25.40 27.94 30.48 33.02 


-3 Circuit, Isolated Resistors -1 Circuit, Bussed Resistors 
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Lecbon canned Model L-Series 


TYPICAL PART MARKING 


4 Leads Only Lead #1 Indicator 


i (Optional | Tl ! (Optional 
Location) L_---Location) 
Resistance Code Resistance Code 
Circuit Type & |.D. Code Factory Code 


icator 
Lead #1 Indic en 


Standard: Bulk 
Quantity = 500 (Europe) 
200 Units (USA/Aisa) 
Option: Tape in Ammo Box (Steel pins only) 
All units oriented with lead #1 to the left of direction of feed 


Tape: Width 18mm 
Pitch 12.7mm 
Ammo Box: Capacity 1,000 Units 


Magazine 
Dimensions conform to EIA & JEDEC Standards 
All units oriented with lead #1 to the same side 


Magazine Material = Antistatic Plastic 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed, Film, General Specifications 
MIL-STD-105 — Sampling Procedures and Tables for Inspection by Attributes 
MIL-STD-202 — Test Methods for Electronic and Electrical Component Parts 
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CORPORATION 


ORDERING INFORMATION 


L 08 5 C 331/471 F XX 


Model Series | L Packaging Option 
AP = Ammo Pack 


Number of Leads M1 or M2 = Tube 
4 thru 14 


es Tolerance Code 
Circuit Type (No code used 
-3 = Isolated for 2% Std.) 

-1 = Bussed F =4+1% 

-5 = Dual Terminator. J =+5% 


Lead Code ———___ ________ R? Resistance Code 


S = Steel Pins gee linge 
C = Copper Pins (Add for -5 circuit only) 


Resistance Code 

First 2 digits are 

Significant (3 digits 

for+1%) Last digit 

denotes number of 

trailing zeros. For F Tolerance 
first 3 digits are significant. 
Fourth digit denotes number 
of trialing zeros. 


Refer to Packaging for Automation Section (Page A-4) for M1 & M2 tube capacity and dimensions. 
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MODEL M-SERIES 
Single In-Line 
Low Profile 


Conformal Coated 


Thick Film Resistor Network 


Standard Resistance Range, Ohms 
Standard Resistance Tolerance, at 25°C 


22 to 1Meg 
+2% (Optional: 1% & 5%) 


Operating Temperature Range 

Temperature Coefficient of Resistance 
Temperature Coefficient of Resistance Tracking 
Maximum Operating Voltage 

Insulation Resistance, Minimum 


ENVIRONMENTAL 


Thermal Shock plus Power Conditioning 
Short Time Overload 

Terminal Strength 

Moisture Resistance 

Mechanical Shock 

Vibration Shock 

Low Temperature Storage 

High Temperature Exposure 

Load Life, 1,000 Hours 

Resistance to Solder Heat 

(Per MIL-STD-202, Method 210, Cond.B) 
Dielectric Withstanding Voltage 

Marking Permanency 

Lead Solderability 

Flammability 

Storage 


Specifications subject to change without notice. 
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-59°C to +125°C 


+200ppm/°C 
+50ppm/°C 
100Vdc or VPR 
10,000 Megohms 


AR 0.50% 


AR 0.25% 


AR 0.25% 
AR 0.50% 


AR 0.25% 


AR 0.25% 
AR 0.25% 


AR 0.50% 


AR 1.00% 
AR 0.25% 


100V for 1 minute 


per MIL-STD-202, Method 215 


per MIL-STD-202, Method 208 


4-33 


UL-94V-O Rated 
-55°C to +150°C 


Model M-Series 


Lead Material solder Coated Steel Alloy 
Substrate Material Alumina 
Resistor Material Cermet 
Body Material Conformal Epoxy Resin 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed, Film, General Specifications 
MIL-STD-105 — Sampling Procedures and Tables for Inspection by Attributes 
MIL-STD-202 — Test Methods for Electronic and Electrical Component Parts 


STANDARD RESISTANCE VALUES, OHMS OUTLINE DIMENSIONS (Inch/mm) 


-3 Circuit (Isolated Resistors) and -1 Circuits (Bussed Circuits) 


Ohms Code Ohms Code Ohms Code 


.140+.020 
'3.56+0.51 


1) 0124.03 
T 0.310.08 
| Centered 


2.54+0.13 | 
— on Package 


.020+.004 
0.51+0.10 


| 
| | 
| 
vl | 
| 


+ 


+ ——+> t 
inch 40 | .60 | 60 | .70| 80 | 90 /1.00 Oia 1.40 
mm _10.16/12.70]15.24)17.78|20.32| 22.86 25.40|27.94/30.48| 33.02 35.56 


FARA AEA nia 


-3 Circuit Isolated Resistors -1 Circuit Bussed Resistors 


-5 Circuit, Dual Terminator 


-5 Circuit (Dual Terminators) 
R1/R2 R1/R2 R1/R2 = Rt1/R2 R1/R2 R1/R2 
180/390 181/391} 330/390 331/391 | 3K/6.2K 302/622 
220/270 221/271} 330/470 331/471 
220/330 221/331} 330/680 331/681 
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M 8 5 331/471 J XX 


Model Series __ 4d | ee Option: 


AP = Ammo Pack 
Number of Leads: ———~_| M1 or M2 Tube* 
4 thru 14 


a Tolerance Code: 
Circuit Type: F=+1% 

-3 = Isolated G = +2% (standard) 
-1 = Bussed J =+5% 

-5 = Dual Terminator 


Resistance Code —__—_— R?2 Resistance Code 
First 2 digits are (Add for -5 circuit only) 
Significant 

(3 digits for +1%) 

Last digit denotes number 

of trailing zeros 


* Refer to Packaging for Automation Section (Page A-4) for M1 & M2 tube capacity and dimensions 


Standard: Bulk 
Quantity 200 Units 


Option: | Tape in Ammo Box 
All units oriented with lead #1 to the left of direction of feed 


Tape: Width 18mm 
Pitch 12.7mm 
Ammo Box: Capacity 1,000 Units 


Magazines 
Dimensions conform to EIA & JEDEC Standards 
All units oriented with lead #1 to the same side 


Magazine: Material = Antistatic Plastic 


TYPICAL PART MARKING POWER DISSIPATION, WATTS AT 70°C 


: 4d Date Code 
Lead #1 pees (Optional 
Indicator Location) Package 


— Resistor (Per Circuit) —— 


Model Resistance Code 6 


Series 


8 


Circuit Type: 

-1 = Bussed 1.0 
-3 = Isolated 

-5 = Dual Terminator 


Number 

of Leads: 

4to 14 Model # and number of pins not 
marked on 4 and 5-pin packages 
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MODELS 


NQS16, NQS20, NQS24 


Surface Mount 

.025” Pitch Dual In-Line 
Precision Thin Film 
Resistor Network 


FEATURES /BENEFITS 


NEW PRODUCT 


e Up to 22 bussed elements in one package 


e Nichrome element on ceramic substrate for reduced cross talk and high precision 


e Industry standard QSOP package 


Operating Temperature Range -55°C to +125°C 
Resistance Voltco <() 
Interlead Capacitance <2pF 
Operating Voltage, Maximum 100V de or VPR 


Insulation Resistance 


>10,000 Megohms 


Noise, Maximum (MIL-STD-202, Method 308) -40dB 
Thermal Shock plus Power Conditioning AR 0.25% 
Low Temperature Operation AR 0.10% 
Short Time Overload AR 0.10% 
Terminal Strength AR 0.10% 
Moisture Resistance AR 0.20% 
Mechanical Shock AR 0.25% 
Vibration AR 0.25% 
Low Temperature Storage AR 0.10% 
High Temperature Storage AR 0.10% 
Load Life, 1,000 Hours AR 0.10% 
Resistance to Solder Heat AR 0.10% 


Dielectric Withstanding Voltage 


100V for 1 minute 


215°C for 3 minutes 
MIL-STD-202, Method 215 


Temperature Exposure, Maximum 
Marking Permanency 


Lead Solderability MIL-STD-202, Method 208 
Flammabilty UL-94V-0 Rated 
Storage -55°C to +125°C 


Specifications subject to change without notice. 
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CORPORATION 


Lead Plating 
Lead Material 


85/15 Tin Lead 
Copper Alloy 


Lead Configuration 
Lead Coplanarity 


Gull Wing 
0.004” (0.102mm) 


Substrate Material 


Alumina 


Resistor Material 


Nichrome 


Body Material Molded Epoxy 
Accuracy Code B D F 
Absolute Resistance Tolerances, at 25°C 0.1% 0.5% 1.0% 
Ratio 0.1% 0.1% 0.5% 
Temperature Coefficient of Resistance +25ppm/°C 
+50ppm/°C 
+100ppm/°C 
Temperature Coefficient of Resistance, Tracking +5ppm/°C 
STANDARD RESISTANCE VALUES, OHMS 
NQS16A | NQS20A NQS20B NQS24A 
Ohms Code Ohms Code Ohms Code Ohms | Code 
1K 1001 3K 3001 10K 1002 3K 3001 


10K 1002 267K 2673 
34K 3402 


+ 


47K | 4702 
100K | 1003 


RECOMMENDED SOLDER PAD LAYOUTS 
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0 ! 
0 


! I 
| I 
! \ 


4-38 


SS 


Model Series NQS 


OUTLINE DIMENSIONS (Inch/mm) 


Model NQS16 NQS20 NQS24 
0.068 0.068 0.068 
1.727 1.727 1i2i 
Dim. At (Max.) 0.008 - 0.008 0.008 
0.203 0.203 0.203 
Dim. B (Max.) 0.012 0.012 0.012 
0.305 0.305 0.305 
0.0098 0.0098 0.0098 
0.249 0.249 0.249 


pom [ae Fe 

9.004 8.763 8.763 
3.988 3.988 3.988 
0.025 0.025 0.025 
0.635 0.635 0.635 
0.244 0.244 0.244 
6.198 6.198 6.198 


0.016 0.016 0.016 | 
0.406 0.406 0.406 


i Seating | | 
Plane | ul Dim. L (Max.) _0.035_ 0.035 0.035 _ 
0.889 0.889 0.889 
0.010 0.06 0.035 
0.254 1.524 0.889 


Dim. e (Max.) 


Dim. H (Max.) 


Dim. h (Max.) 


NQS16A, NOQS20A, NQS24A NQS16B, NQS20B, NQS24B 
Isolated Resistors Bussed Resistors 


NQS16: N = 16 Leads 
NQS20: N = 20 Leads 
NQS24: N = 24 Leads 
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POWER DISSIPATION, WATTS AT 70°C 


Model Package Resistor 
NQS16 0.8 0.1 
NQS20 1.0 0.1 
NQS24 1.0 0.1 


ORDERING INFORMATION 


NQS 24 A 1001 A P TR 


| 
Model Series ee Packaging: 
TR = Tape & Reel 
(No code used for tubes) 


No. of Leads: 
16 = 16 Leads 
20 = 20 Leads 
24 = 24 Leads 


TCR Code: 
P = +50ppm/°C 
Q - +25ppm/°C 
(No code used 
for +100ppm/°C) 


Circuit Configuration: 
A = Isolated 
B = Bussed 


Accuracy Code 
Resistance Tol./Ratio 
B =0.1%/0.1% 
D = 0.5%/0.1% 
F = 1.0%/0.5% 


Resistance Code: 
First 3 digits are 
Significant. Last 
digit denotes the 
number of trailing 
Zeros. 


——— 


Standard: Magazine 
All units oriented with lead #1 to the same side. 
Magazine: Capacity = 100 Units (16 Leads) 
50 Units (20 and 24 Leads) 


Option: Embossed Tape & Reel (per EIA 481) 
Reel: Capacity = 1,500 Units 
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CORPORATION 


RC SERIES 


Leadless Surface Mount 
Chip Resistor 
Capacitor Network 


e Small outline 

¢ Low profile suitable for PCMCIA 

e Low inductance leadless design 

e Available in three popular sizes: 0805, 1206, 2512 
e Nickel barrier terminations 


Standard Resistance Range, Ohms 
Standard Resistance Tolerance 
Temperature Coefficient of Resistance 


NEW PRODUCT 


APPLICATIONS 


e High speed AC line termination 
e EMI/RFI filtering 


20 to 1Meg 


+10%, +20% (Optional: +5%) 


+200ppm/°C (Optional: +100ppm/°C) 


Power Rating, Watts 


Capacitance Range, pF 

Capacitor Characteristic 

Capacitor Tolerance 

Capacitor Voltage Rating 

Capacitor Max. AC, -55°C to +125°C 
Capacitor Dissipation Factor 

Capacitor Dielectric Withstanding Voltage 
Capacitor Insulation Resistance 
Operating Temperature Range 


ENVIRONMENTAL 


Solderability 

Life 

Thermal Shock 
Moisture Resistance 


Specifications subject to change without notice. 
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63mW Per Resistor 
RC 3 & RC 4: 68mW, RC 6: 250mW Per Package 
10 to 100 


X7R 


+20% at 1kHz, 25°C 
25V dc 
+15% 


2.9% Max. 


125V dc, 5 sec. 50mA Charge 


>10,000 Megohms 
-25°C to +85°C 


MIL-STD-202, Method 208, Cond. B, 95% Coverage 


ee | 


1,000 hours at 70°C (+3%+.2 OhMAR, +10%AC) 


MIL-STD-202F, Method 107, Cond. A (+3%+.2 OhMAR, +10%AC) 
MIL-STD-202F, Method 106 (+3%+.2 OhmAR, +10%AC) 


RC Series 


Schematics for RC 6 


Circuit A Circuit B Circuit C 


Schematic for RC 3 & RC 4 
Circuit D 


8 


Glass Passivation 


Capacitor: Resistor: Cermet 
Screened 


Dielectic 90/10 Tin Lead 


Solder Coating 


Nickel Barrier 


Silver Palladium 
Substrate: Alumina 
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Model RC 6 


| | 
ee ST el 
Poin oo 


| 
.050+.008 
1.27+0.20 


a ee 
2 Places | 


? 
4 \ 
<>» » e 
& 6 XxX) 
AS, < XK 
4 X ran 2 
Xx OX 
4 x 
x CX 
> 4 
D> 
z&S a 


.202+.008 
6.40+0.20 


' .032+.008 


— 


ee 


2 


KX KKK KAKA KAKA 
Neots oo seecenece 


2 Places 


COs 
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.079+.008 


2.0+0.2 


.122+.004 


3.1+0.1 


.126+.008 
3.20+0.20 


__ 
.012+.008 


0.30+0.20 


.022+.004 
0.55+0.10 


.018+.004 


0.45+0.1 0.4+0.2 


.061+.004 


1.55+0.1 0.45+0.1 


hw GBS 


.016+.008 


.018+.008 


.014+.006 


0.35+0.15 


.014+.006 


0.35+0.15 


RC Series 


ORDERING INFORMATION 


RC 6 E 101 K 101 M 


Model Series 


Size Code: 
3 = 0805 
4=1206 
6 = 2512 


Circuit Type: 

(Refer to schematics- 
Code used for 

Model RC 6 only) 


Resistance Code: 
(3 Digit Code in Ohms) 


Embossed Tape 


RC3: .094 + .008 


04202 7) : 138 + 002 


RC4: .138 + .008 
3.5+0.2 
RC6: .269 + .008 f 
6.8+0.2 | 
ae ae 
RC3 & 4: .075 + .008 
1.9+0.2 
RC6: .142 + .008 
3.61+0.2 
Upper-Surface 
2 Caen Tape 


4 
7. 


L oT Max. Cavity For Resistor 


251 technologies 


CORPORATION 


ee 


ic oe 


= 7" Tape & Reel 
RC3 & RC4: Paper Tape, 5K/Reel 
RC6: Embossed Tape, 4K/Reel 


13 = 13" Tape & Reel” 
RC3 & RC4: Paper Tape, 20K/Reel 
RC6: Embossed Tape, 16K/Reel 


Capacitor Tolerance: 
M = 20% 


Capacitor Code: 
(3 Digit Code in Picofarads) 


Resistance Tolerance: 
J=5% 
K = 10% 


315 + .012 
8.0 + 03 


Ft 


370 + .059 
“94415— 


7,008+ .079 
/ 178+2.0 
Label: 


Includes Part Number, 
Date Code and Quantity 


RC Series 


MODEL T SERIES 


Super Low Profile 
Single In-Line 


Thick Film Resistor Network 


standard Resistance Range, Ohms 


22 to 1Meg 


Standard Resistance Tolerance, at 25°C 


J Tol: 5% (Optional G Tol: +2%) 


Operating Temperature Range 


-50°C to +125°C 


Temperature Coefficient of Resistance 


+200ppm/°C 


Temperature Coefficient of Resistance Tracking 


+50ppm/°C 


Maximum Operating Voltage 


50V dc or VPR 


Insulation Resistance 


>10,000 Megohms 


Lead Material 


steel Alloy 


Lead Finish 


Substrate Material 


solder (90/10 Typical) 
96% Alumina 


Resistor Material 


Cermet 


Body Material 


Conformal Epoxy Resin 


ENVIRONMENTAL (PER MIL-R 83401, REV. D) 


Thermal Shock 


AR +0.50% 


Short Time Overload 


Terminal Strength 


AR +0.50% 
AR +0.25% 


Moisture Resistance 


AR +0.50% 


Mechanical Shock 


AR +0.25% 


Vibration Shock 


AR +0.25% 


Low Temperature Storage 


AR +0.25% 


High Temperature Exposure 


AR +0.50% 


Load Life, 1,000 Hours 


AR +2.00% 


Resistance to Solder Heat 
(Per MIL-STD-202, Method 210, Cond.B) 
storage 


AR +0.25% 


-59°C to +125°C 


Specifications subject to change without notice. 
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CORPORATION 


Model T Series 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed, Film, General Specifications 
MIL-STD-105 — Sampling Procedures and Tables for Inspection by Attributes 
MIL-STD-202 — Test Methods for Electronic and Electrical Component Parts 


STANDARD RESISTANCE VALUES, OHMS POWER DISSIPATION, AT 70°C 


-3 Circuit (Isolated Resistors), -1 Circuit (Bussed Resistors) 


Ohms Code Ohms Code Ohms Code 


Model Per Package Per Resistor 
Tn-1 (n-1) x 0.100 0.100 
Tn-3 (n-1) x 0.100 0.100 
Tn-5 (n-1) x 0.100 0.060 


POWER DERATING CURVE 


Percent of 
Rated Power 


Degrees C 


-5 Circuit (Dual Terminators) 
Ohms Code Ohms Code Ohms Code 


R1/R2 R1/R2 | R1/R2 R1/R2 R1/R2 = R1/R2 
180/390 181/391 | 330/390 331/391 | 3K/6.2K 302/622 
220/270 221/271 | 330/470 331/471 
220/330 221/331 | 330/680 331/681 


Standard: Plastic Bags 
Capacity = 200 Units 


551 technologies 4-46 Model T Series 


CORPORATION 


—h 
ne 


| 


on 
om) 


tn|— 
©|co 
=| Pit | ie 


100 + .010 


eS 010 + .004 
2.54 + 0.25 


0.25 + 0.10 


Slo 
enn 


— > 
7 No. of Leads —— 


Package Length (“L”) 
a ott oot 80 L100 {1.10 [1.20 {1.301 40 
Max 


-3 Circuit -1 Circuit -5 Circuit 
isolated Resistors Bussed Resistors Dual Terminator 
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CORPORATION 


TYPICAL PART MARKING 


Lead #1 Indicator 


T8 - 1- 103J 933 


Model Name Date Code 


ORDERING INFORMATION 


331/471 J 


Model Series -_ Tolerance Code: 
G=2% 
J=5% 


No. of Leads: 
4 thru 14 


R2 Resistance Code 
(Add for -5 circuit only) 


Circuit Type: 
1 = Bussed Resistance Code 
3 = Isolated First 2 digits are 
5 = Dual Terminator significant 
Last digit denotes 
number of 
trailing Zeros 


51 technologies 4-48 Model T Series 


CORPORATION 


MODEL 627, 628 


Surface Mount 
Small Outline 
Dual In-Line 


Thick Film Resistor Network 


standard Resistance Range, Ohms 22 to 1Meg 
standard Resistance Tolerance, at 25°C +2% (<33 Ohms = +10hm) 
Operating Temperature Range -55°C to +125°C 
Temperature Coefficient of Resistance +100ppm/°C (<100 Ohms = +250ppm/°C) 
Temperature Coefficient of Resistance, Tracking +50ppm/°C 
Maximum Operating Voltage 50V de or VPR 
Insulation Resistance >10,000 Megohms 
Thermal Shock plus Power Conditioning AR 0.70% 
Short Time Overload AR 0.25% 
Terminal Strength AR 0.25% 
Moisture Resistance AR 0.50% 
Mechanical Shock AR 0.25% 
Vibration AR 0.25% 
Low Temperature Operation AR 0.25% 
High Temperature Exposure AR 0.50% 
Load Life, 2,000 Hours (<330hms = +0.5 Ohm) AR 0.50% 
Resistance to Solder Heat AR 0.25% 
(Total immersion in solder at 280°C for 10 sec.) 

Dielectric Withstanding Voltage 200V for 1 minute 
Temperature Exposure, Maximum 215°C for 3 minutes 
Marking Permanency MIL-STD-202, Method 215 
Lead Solderability MIL-STD-202, Method 208 
Flammability UL-94V-0 Rated 
storage -55°C to +150°C 


Specifications subject to change without notice. 


535i technologies 4-49 Model 627, 628 


CORPORATION 


Lead Material Copper Alloy, 60/40 Tin-Lead (Dipped) 


Lead Configuration Gull Wing 
Lead Coplanarity +0.002 in. (0.051mm) 
Substrate Material Alumina 
Resistor Material Cermet 
Body Material Epoxy 


POWER DERATING CURVE 


A Circuit (Isolated Resistors) and B Circuit (Bussed Resistors) 


Ohms Code Ohms Code Ohms Code 


Percent of 
Rated Power 


70 125 150 
Degrees C 


POWER DISSIPATION, WATTS AT 70°C 


— Resistor (Per Circuit) — 


Model Package A B J 


627 1.28 0.32 0.16 0.16 
628 1.28 0.32 0.16 0.16 


Resistance values represented in 
Bold face are stock standard values. 


J Circuit (Dual Terminators) 


Ohms Code Marking} Ohms Code 


Marking 


R1/R2 

100/150 
180/270 
180/300 
180/390 
220/270 
220/330 
270/470 


2.2K/5.6K 


R1/R2 
101/151 
181/271 
181/301 
181/391 
221/271 
221/331 
271/471 
222/562 


R1/R2 
330/330 
330/470 
3K/10K 
3K/6.2K 


3.3K/6.8K 


470/1K 
680/1K 


680/1.2K 


58 technologies 


CORPORATION 


R1/R2 
331/331 
331/471 

302/103K 
330/622 
332/682 
471/102 
681/102 
681/122 


4-50 


Model 627, 628 


Packag 


Hotel 
ae a th 


.008+ .005 
0.20+0.13 


Note: Maximum allowable mold excursion = 0.006 


SCHEMATICS/SOLDER PAD LAYOUT (Inch/mm) 


A-Circuit, Isolated Resistors B-Circuit, Bussed Resistors 
N 


io) ae 


J-Circuit, Dual Terminator 


627:N = 14Leads 628:N = 16 Leads 


if ao 
ee BE 


045 + .005 .220 + .010 315 Mi 
ne ee 5.59+0.25 


8.00 
nooog02——— 


ee 
‘Bdangaon: 
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Model 627, 628 


Standard: Magazines 
Conforms to EIA and JEDEC standards. 
All units oriented with lead #1 to the same side 
Magazine: Capacity = 50 Units 


Tape & Reel 
Conforms to requirements of ElA-481 
All units oriented with lead #1 to the left of direction of feed 


Tape: Width 
Pocket 

—_s«~®P itch 

Reel: Diameter 
Capacity 


ORDERING INFORMATION 


od oases Ee 
| 
| | 


24mm 
Embossed Plastic, Antistatic 
12mm 
13” (330mm) Maximum _ 
~ 2,000 Units 


Model Series = || i & Reel Option 
Number of Leads: Tolerance Code: 
7 = 14 Leads a (No code used 
8 = 16 Leads | | for 2% std.) 
| _ F=+1% 
Circuit Type: J | «4. 0 
A = Isolated ae eee 


B =Bussed _ | i R2 Resistance Code 
J = Dual Terminator | (Add for J Circuit only) 


Resistance Code —— 
First 2 digits are significant 
(First 3 digits for +1%) 

Last digit denotes the number 
of trailing zeros 


APPLICABLE DOCUMENTS TYPICAL PART MARKING : 


MIL-R-914 — Resistor Networks, Fixed, Film, Surface 
Part Part 


Mount Established Reliability General Specifications Number: Marking: 
MIL-STD-105 —Sampling Procedures and Tables for 628A330 8A330 
Inspection by Attributes 628B330JTR = 8B330J 


628J221/331 


MIL-STD-202 —Test Methods for Electronics and 
Electrical Component Parts 


ElA-481- Carrier Taping of Surface Mount 
Components for Automatic Handling 


EIA-PDP-100 — SOGN-0002 Outline Dimensions 


Manufacturer's Trademark 


Date Code 
Part Marking 


Lead #1 Indicator 


51 technologies 4-52 Model 627, 628 


Ge ie TION 


MODEL 627 T 


Surface Mount 


CCITT V.35 Termination 
Network 


Standard Resistance Tolerance, at 25°C +2% 
Operating Temperature Range -55°C to +125°C 
Temperature Coefficient of Resistance / +250ppm/°C 
Temperature Coefficient of Resistance Tracking - +50ppm/°C 
Voltage Coefficient of Resistance ; . +100ppm/°C 
Maximum Operating Voltage _ 25V de 
Insulation Resistance | >10,000 Megohms 
Thermal Shock plus Power Conditioning AR 0.70% 
Short Time Overload / AR 0.25% 
Terminal Strength oO | AR 0.25% 
Moisture Resistance Oo Oo AR 0.50% 
Mechanical Shock _ ee AR 0.25% 
Vibration Shock AR 0.25% 
Low Temperature Operation : : AR 0.25% 
High Temperature Exposure oe OS ; AR 0.50% 
Load Life, 2,000 Hours (<33 Ohms = +0.5 Ohm) AR 0.50% 
Resistance to Solder Heat BS AR 0.25% 
(Total immersion in solder at 280°C for 10 sec.) 

Dielectric Withstanding Voltage _ — 200V for 1 minute 
Temperature Exposure, Maximum : - 945°C for 3 minutes 
Marking Permanency MIL-STD-202, Method 215 
Lead Solderability . Oo MIL-STD-202, Method 208 
Flammability Oo OO UL-94V-0 Rated 
Storage - oo -55°C to +150°C 

ee 

Lead Material Copper Alloy, 60/40 Tin-Lead (Dipped) 
Lead Configuration Gull Wing 
Lead Coplanarity +0.002 in. (0.057mm) 
Substrate Material —_ Alumina 
Resistor Material Cermet 
Body Material . Epoxy 


Specifications subject to change without notice. 
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CORPORATION 


125Q 125Q 


.220 + .005 
§.59 + 0.13 


125Q 1252 


0.41 
125Q 1252 


Note: Maximum allowable mold excursion = 0.006" 


POWER DERATING CURVE TYPICAL PART MARKING 


Percent of Manufacturer's Trademark 
Rated Power 
Part 
Number Date Code 
125 BECO Ge Part Marking 
c Part 
egrees Marking 
627T q 
POWER DISSIPATION, WATTS AT 70°C 
Lead #1 Indicator 
Model Package Per Resistor 
62/1 1.28 0.25 


ORDERING INFORMATION 


62 7 T 500/1250 TR4 


Model Series —— | ___ Tape & Reel Option: 
| 4= 24mm 


No. of Leads: 
7 = 14 leads 


Resistance Values 


Circuit Type: 
T = V.35 Termination 
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CORPORATION 


Standard: Magazines 
Conforms to EIA and JEDEC standards 
All units oriented with lead #1 to the same side 
Magazine: Capacity = 50 Units 


Option: Tape & Reel (Per ElA-481) 
Conforms to requirements of ElA-481 
All units oriented with lead #1 to the left of direction of feed 
Tape Width . 24mm oo 
Pocket —: Embossed Antistatic Plastic 
Pitch = emm 
Reel Diameter 13” (330mm) Maximum 
Capaciy =  2,000Units = | 


V.35 Balanced Interface 


1pF 
Voc 
26 
5 


Pr; 2 ee 
24 

fas COO 
22 

pa ens OOO 
18 

—_ Pa ae S & 


ll 
= 15 
COC FE na 


18 
O;@ GEE i 
20 
OO B= 1s] 
24 
OOW B= a] 


RX2 OUT 


RX3 OUT 


(5V) S1 
(OV) S2 __10 


16 26 
isco Pp "JOC DOOD os 
i ee 


Ma. OF = 


Linear Techology 
Model LTC 1345 


Linear Techology 
Model LTC 1345 


La > 


BI Model 627T provides 
6 of these termination 
networks ina single 
package 


eee 
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CORPORATION 
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CORPORATION 


MODEL 627 V100 


Surface Mount 
Resistor Network 


Designed For 


Pentium® Power Supply 


NEW PRODUCT 


APPLICATION 


Standard Resistance Tolerance, at 25°C +2% 
Operating Temperature Range -55°C to +125°C 
Temperature Coefficient of Resistance +100ppm/°C 
Temperature Coefficient of Resistance Tracking o0ppm/°C 
Voltage Coefficient of Resistance +100ppm/V 
Maximum Operating Voltage 25V dc 
Insulation Resistance, Minimum 10,000 Megohms 
Thermal Shock plus Power Conditioning AR 0.70% 
short Time Overload AR 0.25% 
Terminal Strength AR 0.25% 
Moisture Resistance AR 0.50% 
Mechanical Shock AR 0.25% 
Vibration Shock AR 0.25% 
Low Temperature Operation AR 0.25% 
High Temperature Exposure AR 0.50% 
Load Life, 2,000 Hours (<33 Ohms = +0.5 Ohm) AR 0.50% 
Resistance to Solder Heat AR 0.25% 


Dielectric Withstanding Voltage 


200V for 1 minute 


Temperature Exposure, Maximum 


215°C for 3 minutes 


Marking Permanency 


~ MIL-STD-202, Method 215 


Lead Solderability 


MIL-STD-202, Method 208 


Flammability 
Storage 


Specifications subject to change without notice. 
Pentium® is a registered trademark of Intel Corporation. 
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CORPORATION 


UL-94V-O Rated 


-99°C to +150°C 


4-57 


Model 627 V100 


Lead Material 


Copper Alloy, 60/40 Tin-Lead (Dipped) 


Lead Configuration 


Gull Wing 


Lead Coplanarity 


+0.002 in. (0.057mm) 


Substrate Material 


Alumina 


Resistor Material 


Cermet 


Body Material 


Epoxy 


standard: Magazines 
Conforms to EIA and JEDEC standards 
All units oriented with lead #1 to the same side 
Magazine: Capacity = 50 Units 


Tape & Reel 
Conforms to requirements of ElA-481 
All units oriented with lead #1 to the left of direction of feed 


Tape Width = 24mm 
Pocket Embossed Plastic, Antistatic 
Pith = 12mm | 

Reel Diameter = 13" (330mm) Maximum > 
Capacity = 2,000Unis | 


Model Series | | _________ Tape & Reel Option: 
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CORPORATION 


4=24mm 


Circuit Type: 
V100 = Pentium® 
Resistor Network 


Model 627 V100 


.220+.005 
5.99+0.13 


+— 


/ 


Lead # 1 
Indicator 
015 


~—a—_—— Typ. 
038 2? 


Note: Maximum allowable mold excursion = 0.006" 


1.15K 1.35K 8002 83Q 


Part 
Marking: 
Part Marking 627V100 


Date Code 


UK MADE 


Lead #1 Indicator 
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CORPORATION 


MATCHING (VOLTAGE RATIO) 


= 2.174+1% (Sets LTC1266 VFB = 1.150V+1%) 


= 1.320+1% (Sets 3.300V+1% for P54C) 


= 1.353+0.5% (Sets 3.383V+0.5% for P54C-VR) 


= 1.410+0.25% (Sets 3.525V+0.25% for P54C-VRE) 


POWER DERATING CURVE 


Percent of 
Rated Power 40 
20 


70 125 
Degrees C 


POWER DISSIPATION, WATTS AT 70°C 


Model Package Per Resistor 


627 V100 0.625 0.125 
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CORPORATION 


MODEL 628 L 
R/2R Ladder 
Surface Mount 
Small Outline 
Dual In-Line 


Thick Film Resistor Network 


standard Resistance Range, Ohms 10K to 100K 
Standard Resistance Tolerance, at 25°C +2% 
Operating Temperature Range 0°C to 70°C 
Temperature Coefficient of Resistance 7 : +100ppm/°C 
Maximum Operating Voltage a 50V de or VPR 
Insulation Resistance i it™” | >10,000 Megohms 


Ladder Network Accuracy 8 Bits +1/2 LSB, 0° to 70° 


Lead Material Copper Alloy, 60/40 Tin-Lead (Dipped) 
Lead Configuration _ Gull Wing 
Lead Coplanarity +0.002 in. (0.057mm) 
Substrate Material . Alumina 
Resistor Material Cermet 
Body Material 7 Epoxy 


APPLICABLE DOCUMENTS 


MIL-R-914 — Resistor Networks, Fixed, Film, Surface Mount Established Reliability General Specification 
MIL-STD-202 — Test Methods for Electronic and Electrical Component Parts 

EIA-481 — Carrier Taping of Surface Mount Components for Automatic Handling 

EIA-PDP-100 — SOGN-0002 Outline Dimensions 


Specifications subject to change without notice. 
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CORPORATION 


OUTLINE DIMENSIONS (Inch/mm) SCHEMATICS/SOLDER PAD LAYOUT 


Model 628L (8 Bits) (16 Leads) 


16 
lutte 


PEPPERS: 


VEY, 
1 


Model 628LN (8 Bits) (16 Leads) 
16 


Consult factory for custom circuit 


100 
80 


Percent of 60 
Rated Power 40 


Solder Pad Layout 


7 QO00000 
20 r 
| | 045 + .005 .220 + .010 


~~ Min. 
0 050 114+0.13 5.59+0.25 8.00 
70 125 150 He no Share | 


Degrees C OoO0U 
030 + .005 
0.76+0.13 ~ ke 


Model Per Package Per Resistor 
628L 0.640 0.040 


STANDARD RESISTANCE VALUES, OHMS 


R/2R R/2R R/2R 
10K/20K 29K/50K 100K/200K 


Number: 


6281104 Date Code 


Part Marking 


90K/100K Part 


Marking: 


Lead #1 Indicator 
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CORPORATION 


standard: Magazines 
Conforms to EIA and JEDEC standards. 
All units oriented with lead #1 to the same side 
Magazine: Capacity = 50 Units 


Tape & Reel 


Conforms to requirements of EIA-481 
All units oriented with lead #1 to the left of direction of feed 
Tape: Width = 24mm OO 
Pocket Embossed Plastic, Antistatic 
—__ Pitch 12mm 
Reel: Diameter 13” (330mm) Maximum 
Capacity = — 2,000 Units — 


ORDERING INFORMATION 


628 L 104 TR4 


Model Series Lo Tape & Reel Option 


Circuit Type: R Resistance Code 

L = Ladder First 2 digits are 
Significant 
Last digit denotes the 
number of trailing zeros 
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CORPORATION 


MODEL 654 

RF Attenuator 
Surface Mount 
Precision Thin Film 


Resistor Network 


Impedance 


50 Ohm 


Operating Temperature Range 
Resistance Voltco 


-59°C to +125°C 
=Q 


Temperature Coefficient 


+25ppm/°C 


Operating Voltage, Maximum 100V dc or VPR 
Insulation Resistance >10,000 Megohms 
Noise, Maximum (MIL-STD-202, Method 308) -40dB 
Frequency DC to 500MHZ S00MHz to 1GHZ 
VSWR 1.05 Max. 1.10 Max. 
Attenuation Accuracy +0.1dB Max. +0.2dB Max. 
Frequency Flatness +0.1dB Max. +0.2dB Max. 
Phase Shift +10° Max. +20° Max. 


Lead Plating 89/15 Tin Lead 
Lead Material Copper Alloy 
Lead Configuration Gull Wing 
Lead Coplanarity 0.004” (0.102mm) 
Substrate Material Alumina 
Resistor Material Nichrome 


Body Material 


Specifications subject to change without notice. 


5 technologies 4-65 


ORPORATION 


Molded Epoxy 


Model 654 


ENVIRONMENTAL 


Thermal Shock plus Power Conditioning AR 0.25% 
Short Time Overload AR 0.10% 
Terminal Strength AR 0.10% 
Moisture Resistance AR 0.20% 
Mechanical Shock AR 0.25% 
Vibration AR 0.25% 
Low Temperature Storage AR 0.10% 
High Temperature Exposure AR 0.10% 
Load Life, 1,000 Hours AR 0.10% 
Resistance to Solder Heat AR 0.10% 
Dielectric Withstanding Voltage 100V for 1 minute 
Temperature Exposure, Maximum 215°C for 3 minutes 
Marking Permanency per MIL-STD-202, Method 215 
Lead Solderability per MIL-STD 202, Method 208 
Flammability UL-94V-0O Rated 
storage -65°C to +125°C 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed, Film, General Specifications 
MIL-STD-202 — Test Methods for Electronics and Electrical Component Parts 


POWER DERATING CURVE STANDARD ATTENUATION VALUES* 


6dB 


8dB 
Percent of 


Rated Power 10dB 


* Consult factory for other values 


70 125 150 
Degrees C 


POWER (WATTS) DISSIPATION AT 70° C 


Model Package 
654 4 


5 technologies 4-66 Model 654 


CORPORATION 


SCHEMATIC/SOLDER PAD LAYOUT 


NC (Out) (GND) 
8 rj 6 


| 0165+ .0025 7 
arr were FAs 
| «©. 0.419 + 0.064 
0.20+0.03 


0.71+0.25 
197 


57 
3.99 Max. 239+ 005 
6.07+0.13 


fo 
Lead #1—~ 
indicator 


Seating Plane 
Notes: 
1. Leads are within .005/0.13 of true position. 
2. Maximum allowable mold excusion = 0.006” 
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CORPORATION 


Standard: Magazines 


All units oriented with lead #1 to the same side 
Magazine: Capacity 2 100 Units (8 pin) 


Option: Embossed Tape and Reel 


ORDERING INFORMATION 


654 2dB 
| 
Model Series Attenuation Value 
In Decibels 


TYPICAL PART MARKING 


Lot Number 


Model Series 


Lead #1 indicator Attenuation Value 
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MODELS 
664, 667, 668 


Surface Mount 
-150” Dual In-Line 
Precision Thin Film 


Resistor Network 


Operating Temperature Range -55°C to +125°C 
Resistance Voltco 7 =0 
Interlead Capacitance oe | <2pF 
Operating Voltage, Maximum a Oo 100V de or VPR 
Insulation Resistance oo >10,000 Megohms 
Noise, Maximum (MIL-STD-202, Method 308) -40dB 


Lead Plating 85/15 Tin Lead 
Lead Material | Copper Alloy 
Lead Configuration Gull Wing 
Lead Coplanarity 0.004” (0.102mm) 
Substrate Material . a Alumina 
Resistor Material Oo Oo Nichrome 
Body Material ; Molded Epoxy 


Accuracy Code * A B D F 
Absolute Resistance Tolerances, At 25°C 0.1% =i. % 0.5% 1.0% 
Ratio 0.05%  —«-: 0.1% 0.1% 0.5% 
Temperature Coefficient of Resistance Oo Oo ~ +25ppm/°C 
Temperature Coefficient of Resistance, Tracking +5ppm/°C 


* Code ‘A’ Accuracy available as standard only for Model 664; other models by special order only. 
Specifications subject to change without notice. 
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CORPORATION 


ENVIRONMENTAL 


Thermal Shock plus Power Conditioning 
Low Temperature Operation 
Short Time Overload 
Terminal Strength 

Moisture Resistance 
Mechanical Shock 
Vibration 

Low Temperature Storage 
High Temperature Exposure 
Load Life, 1,000 Hours 
Resistance to Solder Heat 


AR 0.25% 


AR 0.10% 
AR 0.10% 


AR 0.10% 


AR 0.20% 


AR 0.25% 
AR 0.25% 
AR 0.10% 
AR 0.10% 


AR 0.10% 


Dielectric Withstanding Voltage 
Temperature Exposure, Maximum 


Marking Permanency 
Lead Solderability 
Flammability 

Storage 


SCHEMATIC/SOLDER PAD LAYOUT (Inch/mm) 


664A 
Isolated 
Resistors 


1 


Consult factory for custom 
Circuit configurations. 


667B/668B 
Bussed 
Resistors 


neh A 


050 
127 YP 


Bi technologies 


CORPORATION 


“pdng 


cal 


AR 0.10% 

100V for 1 minute 

215°C for 3 minutes 
MIL-STD-202, Method 215 
MIL-STD-202, Method 208 
UL-94V-O Rated 


-65°C to +125°C 


667A/668A 
Isolated 
Resistors 


N 


O00 


4-70 


a oe 


, 4 
4 


a 
iy ON2 


Models 664, 667, 668 


0165 +.003 + 
0.419 0.08 YP 
030 yp. 7 ' ira “0.02 
goth 010 
0.64+0.25 


.239 + .006 
6.07+0.15 


al 0° to 8° 


Model 664 
Model 667 


Model 668 


Plane 
.007 + .003 
0.178 +0.08 


Notes: 
1.Leads are within .005/0.13 of the true position. 


2. Maximum allowable mold excursion = 0.006” 


TYPICAL PART MARKING 


664 Back 667/668 Back 


Lot Number 


667/668 Front 
a Date Code 


| Seri 
-A-1003A Model Series 


Accuracy Code 
Resistance Code 
Indicator 
ae Circuit Type 


Resistance Code 


5 technologies 4-71 


CORPORATION 


Models 664, 667, 668 


Standard: Magazines 
All units oriented with lead #1 to the same side 


Magazine: Capacity 100 (8 pin) 
90 (14 pin) 


90 (16 pin) 
Embossed Tape & Reel (per EIA 481) 


Option: 


ORDERING INFORMATION 


66 4 


Model Series __ | 


Number of Leads 
4=8 Leads 

7 = 14 Leads 

8 = 16 Leads 


Circuit Type 
A = lsolated 
B = Bussed 


POWER DERATING CURVE 


Percent of 
Rated Power 


70 125 150 
Degrees C 


POWER DISSIPATION, (WATTS) AT 70°C 


Model Package Resistor 
664 4 J 


667/668 . 1 


551 technologies 


CORPORATION 


A 1001 A TR 


TR = Tape & Reel 
(No code used for Magazines) 


Accuracy Code 
(Resistance Tol./Ratio) 
A = 0.1%/0.05% 

B =0.1%/0.1% 

D = 0.5%/0.1% 

F = 1.0%/0.5% 


4-72 


Resistance Code 
First 3 digits are 
Significant. Last 
digit denotes 
the number of 
trailing zeros. 


STANDARD RESISTANCE VALUES, OHMS 


664A 667A, 668A 667B, 668B 
Ohms Code Ohms Code Ohms Code 
1K 


1K =1001 10K 1002 
2K 2001 20K 2002 
oK 


2K = 2001 
OK 


* Code “A” Accuracy available as standard only for Model 664, 
other models by special order only. 


Models 664, 667, 668 


MODEL 688 
Surface Mount 
.300” Dual In-Line 


Precision Thin Film 


Resistor Network 


A 
Zi 


Operating Temperature Range -55°C to +125°C 
Resistance Voltco . | =0 
Interlead Capacitance <2pF 
Operating Voltage, Maximum 100V dc or VPR 
Insulation Resistance >10,000 Megohms 
Noise, Maximum (Mil-Std-202, Method 308) -40dB 
Thermal Shock plus Power Conditioning AR 0.25% 
Short Time Overload | AR 0.10% 
Terminal Strength | AR 0.10% 
Moisture Resistance AR 0.20% 
Mechanical Shock | AR 0.25% 
Vibration AR 0.25% 
Low Temperature Storage AR 0.10% 
High Temperature Exposure . / AR 0.10% 
Load Life, 1,000 Hours . AR 0.10% 
Resistance to Solder Heat : AR 0.10% 
Dielectric Withstanding Voltage _ 100V for 1 minute 
Temperature Exposure, Maximum | 215°C for 3 minutes 
Marking Permanency | -- MIL-STD-202, Method 215) 
Lead Solderability ~ MIL-STD-202, Method 208) 
Flammability | UL-94V-0 Rated 
Storage oe 7 -65°C to +125°C 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed, Film, General Specifications 
MIL-STD-202 — Test Methods for Electronics and Electrical Component Parts 


Specifications subject to change without notice. 


551 technologies 4-73 Model 688 


CORPORATION 


Lead Plating 85/15 Tin Lead 
Lead Material Copper Alloy 
Lead Configuration Gull Wing 
Lead Coplanarity 0.004” (0.102mm) 
Substrate Material Alumina 
Resistor Material Nichrome 
Body Material Molded Epoxy 


Accuracy Code B D F 
Absolute Resistance Tolerances, At 25°C 0.1% 0.5% 1.0% 
Ratio 0.1% 0.1% 0.5% 
Temperature Coefficient of Resistance +25ppm/°C 
Temperature Coefficient of Resistance, Tracking +5ppm/°C 


0165 + .0025 003 
0.419 + 0.064 [YP 010 — 004 688-A isolated Resistors 688-B Bussed Resistors 
, i . 8 a i | |] | | 8 8 
ob littiaa 
032 +.008 
—_ Dn 


.405+ .005 
10.3+0.13 


Consult factory for custom circuit configurations. 


< ~~ Q0000000 
eto alt 


yp. 
0085 + .0035 1.27 
0.216 + 0.089 serene 


1. Leads are within .005/0.13 of true position 
2. Maximum allowable mold excursion = 0.006” 


460 
: ii 11. 7 
———  ———— Seating 


Notes: 


5 technologies 4-74 Model 688 


Cc ie 4 


ORDERING INFORMATION. 


68 8 
7 J 
| 
| 


| 
Model Series ————— 


Number of Leads 
8 = 16 Leads 


Circuit Type 
A = Isolated 
B = Bussed 


STANDARD RESISTANCE VALUES, OHMS 


Ohms 
50K 
100K 


688B 


POWER DERATING CURVE 


100 
80 


Percent of 60 
Rated Power 40 


100K 


20 


0 
70 125 150 
Degrees C 


POWER DISSIPATION, (WATTS) AT 70°C 


Model Package Resistor 


688 f d 


58 technologies 


CORPORATION 


A 5002 BTR 


| 
— TR = Tape & Reel 
(No code used for Magazines) 


=— Accuracy Code 


4-75 


Resistance Code 
First 3 digits are 
Significant 

Last digit denotes 
the number of 
trailing zeros 


TYPICAL PART MARKING 


of Leads 


Lead #1 
Indicator 


Resistance Code 


Accuracy Code 


Standard: Magazines 
All units oriented with lead #1 to the same side 
Magazine: Capacity = 50 Units 


Option: 


Embossed Tape & Reel 


Model 688 


25 technologies 4-76 


MODEL 

694, 698, 699 
Dual In-Line 
Precision Thin Film 


Resistor Network 


Operating Temperature Range -55°C to +125°C 
Resistance Voltco =0 
Interlead Capacitance <2pF 
Operating Voltage, Maximum 100V de or VPR 
Insulation Resistance >10,000 Megohms 
Noise, Maximum (MIL-STD-202, Method 308) -40dB 


ENVIRONMENTAL (PER MIL-R-83401) 


Thermal Shock plus Power Conditioning AR +0.25% 
Short Time Overload AR +0.10% 
Terminal Strength AR +0.10% 
Moisture Resistance AR +0.20% 
Mechanical Shock AR +0.25% 
Vibration AR +0.25% 
Low Temperature storage AR +0.10% 
High Temperature Exposure AR +0.10% 
Load Life, 1,000 Hours AR +0.10% 
Resistance to Solder Heat AR +0.10% 


Dielectric Withstanding Voltage 


200V rms for 1 minute 


Marking Permanency 


MIL-STD-202, Method 215 


Lead Solderability 


MIL-STD-202, Method 208 


Flammability UL-94V-O Rated 
Storage -65°C to +125°C 
Code A B D F 
Absolute Resistance Tolerances, At 25°C 0.1% 0.1 % 0.5% 1.0% 
Ratio 0.05% 0.1% 0.1% 0.5% 
Temperature Coefficient of Resistance +50ppm/°C 
Temperature Coefficient of Resistance, Tracking +5ppm/°C 


Specifications subject to change without notice. 


551 technologies 


CORPORATION 


4-77 


Models 694, 698, 699 


Lead Plating 60/40 Tin Lead (Dipped) 
Lead Material Copper Alloy 
Substrate Material Alumina 
Resistor Material Nichrome 


Body Material Molded Epoxy 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed, Film, General Specifications 
MIL-STD-202 — Test Methods for Electronic and Electrical Component Parts 


Bussed Resistors 


Model 698 —1 Circuit Model 699 


Isolated Resistors 
—3 Circuit 
Model 698 Model 699 


Model 694. 
—§ Circuit 


-6 & -7 Circuits available only in .1% Absolute, .1% Ratio. 


51 technologies 4-78 Models 694, 698, 699 


CORPORATION 


OUTLINE DIMENSIONS (Inch/mm) 


Model 699 


./60 + 020 
19,920,51 


.060 +.010 
1,52+0,25 


.080 + .020 
2,03+0,51 


035 +.015 

0, ,38 
100+ .005 
2,54+0,13 


a 


018+.003 
0,46+0,08 


Model 698 


040 +.010 
- .- o4ys.01 Leads 1,8, 9, & 16 


Indicator 


Package Code Resistance Value 
& No. of Leads Circuit Type 


55 technologies 4-79 


CORPORATION 


Model 699 dimensions 
applicable to all models 
except as noted. 


to 10° 
ae pore e] \“ 

010 +.002 

0,25 + 0.05 


Model 694 


3/5 +.015 
9 53+0,38 


040+.010 


1,02+0,25 


Number 


Country of Molding 


Models 694, 698, 699 


POWER DERATING CURVE 


100 
80 


Percent of 60 
Rated Power 


POWER (WATTS) DISSIPATION, AT 70°C 


Package Resistor 
4 1 
05 


10 
.05 


70 125 150 10 


Degrees C 


ORDERING INFORMATION 


= 4 -3 R10K 1 


Model Series ——————--— 7 _ Code 
(Not available for 
Number of Leads 4 or -? circu 
hea Bi bnade 6 or -7 Circuits) 
8 = 16 Leads Resistance Value 


9 = 14 Leads 


Circuit Type 
1 = Bussed 
3 = Isolated 
6 = Binary 
7 = Decade 


standard: Magazine 
All units oriented with lead #1 to the same side 
Magazine: Capacity = 90 Units (8 leads) 
25 Units (16 leads) 
25 Units (14 leads) 


STANDARD RESISTANCE VALUES, OHMS* 


694-3: 100* 000* 

694-6: 1K 10K 

Oo/*(. 1K 

698-1: 470 1K 2K 4.7K 22K 

698-3: 100 330 470 1K* . 2.2K 
oK 10K* 15K 20K* OOK* 

699-1: 1K 437K oK 10K 100K 

699-3: 1K 2K 3.3K 4.7K 20K 
90K 100K 


All values available in Accuracy codes B, D, F. except -6 or -7 circuits. 
Values with an * are also available in Accuracy code A. 
Consult factory for additional values. 


551 technologies 4-80 Models 694, 698, 699 


CORPORA 2 


MODEL 888, 887 
18 & 20 Pin 
Dual In-Line 


Thick Film Resistor Network 


Standard Resistance Range, Ohms 22 to 2.2Meg 
Standard Resistance Tolerance, at 25°C : +2% (<100 Ohms = +2 Ohms) 
Operating Temperature Range -59°C to +125°C 
Temperature Coefficient of Resistance +100ppm/°C (<100 Ohms = +250ppm/°C) 
Temperature Coefficient of Resistance Tracking +50ppm/°C 
Maximum Operating Voltage 100V dc or VPR 
Insulation Resistance >10,000 Megohms 


ENVIRONMENTAL (PER MIL-R-83401) 


Thermal Shock plus Power Conditioning AR 0.70% 
Short Time Overload . AR 0.50% 
Terminal Strength AR 0.25% 
Moisture Resistance AR 0.50% 
Mechanical Shock . AR 0.25% 
Vibration AR 0.25% 
Low Temperature Storage AR 0.25% 
High Temperature Exposure — AR 0.50% 
Load Life, 1,000 Hours AR 1.00% 
Resistance to Solder Heat AR 0.25% 
(Per MIL-STD-202, Method 210, Cond.B) 

Dielectric Withstanding Voltage 200V for 1 minute 
Temperature Exposure, Maximum 215°C for 3 minutes 
Marking Permanency MIL-STD-202, Method 215 
Lead Solderability MIL-STD-202, Method 208 
Flammability UL-94V-O Rated 
storage -55°C to +150°C 


Specifications subject to change without notice. 


i technologies 4-81 Model 888, 887 


CORPORATION 


Lead Material Copper Alloy, 60/40 Tin-Lead (Plating) 
Substrate Material Alumina 
Resistor Material Cermet 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed, Film, General Specifications 
MIL-STD-202 — Test Methods for Electronic and Electrical Component Parts 
MIL-STD-105 — Sampling Procedures and Tables for Inspection by Attributes 
Approved to British Standard Specification BS9450 FO001 


F OUTLINE DIMENSIONS (Ich/mm) MME SCHEMATICS 


888: N = 18 Leads 
Model 887 887: N = 20 Leads 


N 


3 Circuit 
Isolated 
Resistors 


-1 Circuit 
Bussed 
Resistors 


1 N/2 


.080+ .020 
2.03+0.51 
Model 888 .100+.010 
800+ .010_ 2.54+0.25 
20.32+0.25 Typical Spacing 
Non-Accumulating 
ee aA Lead Thickness: 
JUU=. .010 + .002 eat 
22.90+0.25 0.25 + 0.05 6 Circuit 


SCSI 
.005 Terminator 


Note: Unless otherwise specified, tolerances are + 0.13 


ee cau] | mem TP 
ie Ae ke Ae A A GS 


N/2 


Standard: Magazines 
All units oriented with lead #1 to the same side 
Magazine: Material — Antistatic Plastic 
Capacity = 20 Units 


CORPORATION 


551 technologies 4-82 Model 888, 887 


ORDERING INFORMATION 


88 7 -5- R220/330 F 


Accuracy Code 


Number of Leads ———— a ae ne 


8 = 18 Leads F = 41% 


Model Series 


7 = 20 Leads 


Circuit Type ——— R2 Resistance Value 

1 = Bussed (Add for -5 circuit only) 
3 = Isolated | 
5 = Dual Terminator Resistance Value 
6 = SCSI Circuit 


TYPICAL PART MARKING POWER DERATING CURVE 


ET, 
Date Code 
(Position Optional) 


- 
887-3-RI0K | | 
— Percent of 


Lead #1 Rated Power 


| 
indicator Resistance Value 


Package Code — # of Leads Circuit Type 
888 = 18 Leads (—1 Bussed) 
887 = 20 Leads (- 3 Isolated) 
{—5 Dual Terminator) 


CUSTOM CAPABILITIES POWER DISSIPATION, WATTS AT 70°C 


Circuits Shown are representative of our custom circuit capability. — Resistor (Per Circuit) — 
Consult factory for additional applications. Model Package ae 5 -6 


887 2.00 2) «lOO i120. -120 
888 220 20° we0U 38iZo AZ 


70 125 
Degrees C 


5 technologies 4-83 Model 888, 887 


CORPORATION 


558 technologies 4-84 


CORPORATIO 


MODEL 898, 899 
R/2R Ladder 


Dual In-Line 


Thick Film Resistor Network 


standard Resistance Range, Ohms 10K to 100K 
Standard Resistance Tolerance, at 25°C +2% 
Operating Temperature Range 0°C to +70°C 
Temperature Coefficient of Resistance +100ppm/°C 
Maximum Operating Voltage 100V dc or VPR 
Insulation Resistance >10,000 Megohms 


Ladder Network Accuracy 


8 Bits: +1/2LSB, 0°C to 70°C 


10 Bits: +1LSB, 0°C to 70°C 


Lead Material 


Copper Alloy, 60/40 Tin-Lead Plating 


Substrate Material 


Alumina 


Resistor Material 


Cermet 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed, Film, General Specifications 


MIL-STD-202 — Test Methods for Electronic and Electrical Component Parts 


MIL-STD-105 — Sampling Procedures and Tables for Inspection by Attributes 


Specifications subject to change without notice. 


558 technologies 4-85 


CORPORATION 


Model 898, 899 Ladder 


OUTLINE DIMENSIONS (Inch/mm) 


898-81 Circuit 
(8 Bits) 


898-82 Circuit Telelalalat 
a g" 27S" "8 
ye see 
Viv Saeecseaenen 1 


ae 
899-10 Circuit c 10 = Og 
o Bees EE 18 = 003 


0.46 = 0.08 
600 + .010 
4 ; aewe 
899 = 14 Leads 700 + .010 “TYPICAL SPACING 
Taba NON ACCUMULATING 


898 = 16 Leads Consult factory for custom circuit configurations. 


STANDARD RESISTANCE VALUES,OHMS POWER DISSIPATION, WATTS AT 70°C 


R/2R R/2R R/2R Model Per Package Per Resistor 
10K/20K 25K/50K 100K/200K 898-8X 0.8 050 


90K/100K 899-10 1.0 .050 


551 technologies 4-86 Model 898, 899 Ladder 


CORPORATION 


Number of Leads 
8 = 16 Leads 


Model Series 


Number of Leads 
9 = 14 Leads 


i technolog 


CORPORATION 


ORDERING INFORMATION 


898 -81 R10K 


Model Series 


89 9 


TYPICAL PART MARKING 


BI 


Lead #1 
Indicator 


Package Code — # of Leads 
899 = 14 Leads 
898 = 16 Leads 


All units oriented with lead #1 to the same side 
Magazine: Material = Antistatic Plastic 
Capacity = 25 Units 


les 


898-81-R10K <= |_| 


Le R Resistance Value 


Circuit Type 
81 = 8 Bits 
82 = 8 Bits 


R Resistance Value 


Circuit Type 
10 = 10 Bits 


Date Code 
Optional Locations 


R Resistance Value 


Circuit Type: — 10 (10 Bits) 
—81( 8 Bits) 
—82( 8 Bits) 


Model 898, 899 Ladder 


551 technologies 4-88 


MODEL 898, 899 xen 


Dual In-Line 


Thick Film Resistor Network 


standard Resistance Range, Ohms 22 to 1Meg 
standard Resistance Tolerance, at 25°C +2% (<100 Ohms = +2 Ohms) 
Operating Temperature Range | -55°C to +125°C 
Temperature Coefficient of Resistance -+100ppm/°C (<100 Ohms = +250ppm/°C) 
Temperature Coefficient of Resistance Tracking +50ppm/°C 
Maximum Operating Voltage . 100V de or VPR- 
Insulation Resistance a >10,000 Megohms 


ENVIRONMENTAL (PER MIL-R-83401) 


Thermal Shock plus Power Conditioning AR 0.70% 
Short Time Overload . a AR 0.50% 
Terminal Strength AR 0.25% 
Moisture Resistance AR 0.50% 
Mechanical Shock - - 7 AR 0.25% 
Vibration . : AR 0.25% 
Low Temperature Storage - 7 | AR 0.25% 
High Temperature Exposure AR 0.50% 
Load Life, 1,000 Hours AR 1.00% 
Resistance to Solder Heat AR 0.25% 
(Per MIL-STD-202, Method 210, Cond.B) 

Dielectric Withstanding Voltage ~ 200V rms for 1 minute 
Temperature Exposure, Maximum 7 215°C for 3 minutes 
Marking Permanency MIL-STD-202, Method 215. 
Lead Solderability | MIL-STD-202, Method 208 
Flammability UL-94V-0 Rated 
Storage | -55°C to +150°C 


Specifications subject to change without notice. 


55 technologies 4-89 Model 898, 899 


CORPORATION 


Lead Material Copper Alloy, 60/40 Tin-Lead (Plating) 
Substrate Material Alumina 
Resistor Material Cermet 


APPLICABLE DOCUMENTS 


MIL-R-83401 — Resistor Networks, Fixed, Film, General Specifications 
MIL-STD-105 — Sampling Procedures and Tables for Inspection by Attributes 
MIL-STD-202 — Test Methods for Electronic and Electrical Component Parts 


STANDARD RESISTANCE VALUES, OHMS OUTLINE DIMENSIONS (Inch/mm) 


-3 Circuit (Isolated Resistors) & -1 Circuits (Bussed Resistors) 


Note: 

Unless otherwise specified, 

tolerances are + 3005 
0.13 


*Typical Spacing 
600 + .010 on-Accumulating 
15.2 + 0.25 Lead Thickness: 


700 + .010 010 + .002 
17.8 + 0.25 0.25 + 0.05 


-5 Circuit (Dual Terminators) 


R1/R2 R1/R2 R1/R2 R1/R2 
180/390 220/330 330/470 3K/6.2K 
220/270 330/390 330/680 


Resistance values represented in 
Bold face are stock standard values. 


55 technologies 4-90 Model 898, 899 


CORPORATION 


-3 Circuit, Isolated Resistors -1 Circuit, Bussed Resistors 
N N 


1 N/2 


-5 Circuit, Dual Terminator 
N 


899: N=14 Leads S042 48 68h Ae e 

en Hn 

Consult factory for custom EF SRER SHER FE 
PVPUUV VY 
1 


circuit configurations. 
N/2 


-42 Circuit, 5.2V (V_-) Pull-Down -45 Circuit, TTL-to-ECL Translator 
Voc f-—— TTL Inputs —— 


Oe) 7) 7 Vf v7 17) 1) 
aie es a ee = 

1802 

fd dal didis 

8200 

a ae a 

17 VSS OV VP A WN 

Vec '-—outputstoECL— Vee 


Custom Model: 898-42-R (R) Custom Model: 898-45 
R=5100 R, =1800 R,=2700 R,=8200 


TYPICAL PART MARKING 


Percent of 
Rated Power 


Date Code 
Optional Locations 


Lead #1 


70 125 Indicator Resistance Value 


Degrees C 


POWER DISSIPATION, WATTS AT 70°C 


——Resistor (Per Circuit)—— 
Model Package -1 -3 “9 


Package Code — # of Leads Circuit Type (— 1 Bussed) 


899 = 14 Leads (—3 Isolated) 
898 = 16 Leads (— 5 Dual Terminator) 


898 2.0 120 .200 ao 
899 1.8 129 .290 120 


25 technologies 4-91 Model 898, 899 


CORPORATION 


ORDERING INFORMATION 


89 9 -5- R220/R330 F 


Model Series ———— | | - Accuracy Code 


Number of Leads — | | | beer age ii 


9 = 14 Leads | | | =+1° 
8 = 16 Leads | | Bisel 


Circuit Type | | ——— R2 Resistance Value 

3 = Isolated | (Add for -5 circuit only) 
1 = Bussed | 

5) = Dual Terminator 


Resistance Value 


Standard: Magazines 
All units oriented with lead #1 to the same side 
Magazine: Material = Antistatic Plastic 
Capacity = 25 Units 


551 technologies 4-92 Model 898, 899 


CORPORATION 


CUSTOM NETWORK 
SPECIFICATION 
SHEET 


In addition to our broad line of standard Thick and 
Thin Film Resistor Networks, BI specializes in 
custom resistor and resistor capacitator networks. 
Application specific components are available if your 
exact requirements are not met by a standard product. 


GUIDELINES FOR SPECIFYING 
A CUSTOM PRECISION THIN 
FILM NETWORK: 


¢ Absolute tolerances to +0.1% are available. For 
the most cost-effective solution specify the widest 
tolerances possible: +0.5% is ideal. 


For applications assistance, please call (714) 447-2515. 


1 2 < 4 
Use bottom half for SIP designs. 


551 technologies 4-93 


CORPORATION 


Thin Film 


Thin Film 


a icacateraes 


Up to 20 SIP 


Thick Film } Up to 20 DIP 


¢ Ratio matching is available to +0.01% in hermetic 


packages and +0.02% in plastic molded. If possible, 
specify ratio matches in multiple groups, rather 
than one large group; yields are better for groups 
containing only a few ratio matched resistors. 

Use the lowest value resistor within a group as 

the reference resistor. Ideal resistance values for 
accurate ratio matches are in the 1KQ to 10OKQ 
range. 

For best results limit total package resistance to less 
than 3 Megohm for 14 or 16 pin through-hole DIPs 
and 1 Megohm for 8 pin DIP and surface mount. 
T.C.R. tracking of +2ppm/°C (+5ppm/°C is 
standard) is possible for resistors with nearly 


equal values. 


GUIDELINES FOR SPECIFYING 
A CUSTOM THICK FILM NETWORK 
(RESISTOR /RESISTOR-CAPACITOR): 


e Absolute tolerances to +0.1%. Don’t over specify; 
+2% generally provides the most economical 
solution. 

e Ratio matching +0.1% can usually be achieved 
for resistors with 5 to 1 or smaller ratios. As 
with thin film, specify a reference resistor and 
use groups of small numbers of resistors, rather 
than one large group with many ratio matches. 

¢ Absolute TCR to +50ppm/°C. 

¢ TCR tracking to +15ppm/°C. 

¢ Resistance Range of 20mQ to 1GQ plus jumper (OQ). 

e Limit the number of circuit crossovers. 


For applications assistance, please call (714) 447-2515. 


1 2 3 4 
Use bottom half for SIP designs. 


5 technologies 4-94 


ORPORA cg 


Up to 20 SIP 
Thick Film | Upto 20 DIP — 
16 Pin 


Thin Film a4 8, 18, 20,24 “a 
i6 ie < 


wonFim [otvounto | No fe | | | 


Avoid buried nodes and loops. 

Capacitors: NPO, X7R, ZSU dielectric; values 
to 0.1uF depending on voltage. Try to limit 

the number of capacitors and specify the widest 
tolerances possible. 

Allow BI to specify pin-out if possible. 
High-volume (to 30kV) also available. 

50 mil lead pitch SIP package option. 


CUSTOM NETWORK SPECIFICATION SHEET 


Absolute Ratio TCR Reference 
Tolerance Tolerance Tracking Resistor 


Reference 
Designator 


NO 


— 


on > oo 


a | 


Absolute TCR: 


SS eee 
a 
a a 
A CC 
a a 

Ss A 
a 
a 


Name/Title 
Company Name 
Address 

Phone ( Jo CdEXtension C&A ( ) 


55 technologies 4-95 


CORPORATION 


551 technologies 4-96 


CORPORATION 


Application Notes 


Passive Networks 


The Advantages of Networks 98 
SCSI Bus Terminators 79 
Measuring Resistors With Loops 101 
EMI/RFI Filters 102 
DRAM Impedance Matching 104 
AC Termination 108 


Soldering Procedures 111 


NETWORK PRODUCTS 


‘THE NETWORK ADVANTAGE 
Resistor networks offer distinct advantages over 
discrete resistors. 


Board space Savings. In applications such as 
terminators where lead routing is straightforward, 
both DIPs and SIPs can reduce board real estate 
requirements. 


Improved Temperature Tracking. Significantly 
improved temperature tracking between resistors 


occurs in three ways. Consider the voltage divider and 
thermal models shown: 


The thermal model for the discrete resistors shows 


that each resistor rises above ambient independently. 
. In the voltage divider example, the power dissipation 

i in R A is 4 times the power dissipation in Rp. 

- Assuming that each discrete resistor’s thermal 

| sistance to ambient is about the same, the difference 

. temperature rise will be 4:1. Depending on the 

_ values « of VIN and Ra and Rp, this could result in a 

severe temperature — ion. 


Bl technologies 


APPLICATION NOTES 


Pa Pp 


Ora Ops 


Th Th 


Thermal Model for 
Discrete Resistors 


Pa Pe 


T 


Thermal Model for 
a Network 


Using a network, the temperature tracking problem is 
improved in three ways: 

1. The thermal resistance of each resistor to the 
substrate is very low since the alumina substrate 
and the resistor materials have excellent thermal 
conductivity compared to air. This means that the 
temperature rise of each resistor above the 
substrate will be very low and the individual 
resistors will track much better, even with 
unequal power dissipations. 

2. The resistors located on a single substrate will no 
longer be subject to the independent influence of 
cooling air, board hot spots, and convection 
currents. The large thermal resistance from 
substrate to air is virtually identical for both 
resistors. 

3. Temperature tracking is not a function of 
absolute TCR. 


4-98 


scsi BUS TERMINATION 
SE WORKS 


The Small one System Interface (SCSI 
standards were developed by the American National 
Standards Institute (ANSD to establish the 
mechanical, electrical, and functional requirements 
for interconnecting small computers and their 
peripherals, The SCSI bus is a local I/O bus operated 
over a wide range of data rates. The purpose of the 
bus i is to permit the interconnection of devices 
without requiring hardware or software changes. 
When interconnecting devices on the bus, both ends 
of each cable must be terminated. Both single ended 
and differential configurations are permitted. 


SINGLE ENDED TERMINATIONS 


TERMINATOR 
POWER 


- SIGNAL 


GROUND 


Option 1 


TERMINATOR 
POWER 


VOLTAGE 
REGULATOR 


R; 18 110Q2+1% 


~ Option 2 


Bi technologies 


APPLICATION NOTES 


BI Technologies manufactures networks specifically 


designed to provide SCSI bus termination. Send for 
BI’s special application sheet “Resistor Network 
Applications in SCSI Bus Systems.” 


The following BI resistor network package 


alternatives are available. 


SINGLE ENDED “A” CABLE, 
18 LINE TERMINATIONS 


Option | Terminations 


Quantity Package Part 
Required Style Number 

1 each 20 Pin DIP ~—-887-5-R220/R330 
2 each 11 Pin SIP L11-5C-221/331 
3 each 8 Pin SIP LO8-5C-221/331 


Option 2 Terminations 


Quantity Package Part 
Required — Style Number 
leach 20 Pin DIP 887-1-R110F 
z each 10 Pin SIP L10-1C-111F 
SINGLE ENDED “B” CABLE, 
29 LINE TERMINATIONS 
Option | Terminations 
~ Quantity Package Part 
Required Style Number 
2 each 18 Pin DIP 885-5-R220/R330 
3 each I2 Pin SIP L12-5C-221/331 
4 each 10 Pm SIP L10-5C-221/331 


Option pi Terminations 


Quantity Package ; Part 
Required Style Number 
2 each 16 Pin DIP 898-1-R110F 
3 each 11 Pin SIP L11-1C-111F 
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DIFFERENTIAL TERMINATIONS 


TERMINATOR 
POWER 


- SIGNAL 


+ SIGNAL 


GROUND 


DIFFERENTIAL “A” CABLE, 
36 LINE TERMINATIONS 


Quantity Package Part 
Required Style Number 
Jeach 20PinDIP  887-6-R330/R150 
3 each 14 Pin SIP L14 Special 

5 each 10 Pin SIP L10 Special 


DIFFERENTIAL “B” CABLE, 58 LINE 


TERMINATIONS 
Quantity Package Part 
Required Style Number 
“deach  18PinDIP 888-6-R330/R150. 
5 each 14 Pin SIP L14 Special 


8 each 10 Pin SIP L10 Special 
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MEASURING Xi NETWORKS ~ 
2 WITH LOOPS | 


There are 2 many idnds of circuits o where 5 a certain 


resistor in a network may be bridged by; a loop of 
_ other resistors. Some examples from the linear _ 
circuit world are bridges and atte wator pads. Iti is 


APPLICATION NOTES 


“not always desirable or possible to break the loop i in 


a resistor network where pins ue be " limited. 


A good example | of a very common digital network 
containing circuit loops is the dual terminator. 
network shown in the drawing below. In this 
network there is a series-parallel circuit that 
interferes with the accurate measurement of any 
single resistor. 


Ina network with loops, the initial adjustment to 
tolerance and subsequent test and i inspection steps 
may be accomplished accurately by the use of a 


guarded ohmmeter or guarded precision bridge. The 


guard electronically removes the parallel paths or 
loops by applying a voltage to the loop network in 
such a manner that the loop current is essentially 
zero. _ 


In the example above, the resistor at the far left 
labeled R2 may be accurately measured by | 
connecting the ohmmeter or bridge from pin 8 to pi 
2 and connecting the guard to pin 1. The guard will 
drive pin | so that the voltage across Rl is 
essentially zero and no loop current flows through: 
R2, the resistor being measured. Using this method 

_ each resistor in the network may me pr ecise yy 
measured. oe 


n 
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The guard method will work as long as the guarded 
ohmmeter or bridge can supply the necessary current 
to drive the loop network. As a practical matter, 
large ratios of a single resistor to the parallel 
network will reduce accuracy. Another situation that 
should be avoided is the use of resistors small 
enough that the resistance of the cermet conductors 
on the substrate will interfere with accuracy. When 
tight temperature tracking or tight TCR is required in 
resistors of 500 ohms or less, it is recommended that 
you contact the factory for applications assistance. 


EMI/RFI FILTERS 


OuNaRAL DESCRIPTION 


— low pass filters are used in computers, data 


terminals, test equipment and process controllers to 
| "suppress high frequency noise © coming into or exiting 


/ electronic equipment. 


LOW-PASS FILTER NETWORKS FOR EMI/RFI 
SUPPRESSION 


FIGURE 1. RC filter network 


BI Technologies supplies a variety of customized 
RC networks in through hole DIP, SIP and surface 
mount packages. Included in this section is a 
discussion of filter theory and FCC regulations. 


FIGURE 2. Filter configuration 


Under steady state conditions, capacitor C blocks 
the DC component of the input waveform. The DC 
component of the signal voltage is passed to the load 


: ‘reduced in value by the voltage drop across the two 


resistors, R. 


: Noise is attenuated by a voltage divider consisting of 
_ the first resistor R and C. ely for high 
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frequencies, little or no noise reaches the load. Input 
noise, therefore, will minimally affect the desired 


signal voltages at the load. 


Symmetrical filter design means operation is the 
same for waveforms traveling in the opposite 
direction. Such a symmetrical design is useful for 


filtering signals on a bidirectional bus. 


FILTER DESIGN CONSIDERATIONS 


Rs = Source Resistance 
RL = Load Resistance 

R= Resistance of filter 
C = Capacitance of filter 


The filter cutoff frequency, fg, 1S defined as the 
frequency where the filter passes one-half the power 
it receives at its input terminal. Typical frequencies 
range from a few megahertz up to about 1OOMHz. 
The cutoff frequency is determined by the R and C 
values chosen. Custom resistor and capacitor values 


are available to optimize system performance. 


The specification of R and C values depends upon 
noise frequencies, system performance requirements 
and driver loading. The following is suggested as a 
starting point for approximate values of R and C. 
Exact values are usually determined by 


breadboarding. 


First choose the desired cutoff frequency, f,, of the 
filter. f, should be selected to pass the signal 
frequency and reject the dominant frequencies of the 
EMI/RFI noise. 


The transfer function for the filter shown in figure 2 


is given in equation I. 


Ri 


—— 


joC(R + R,)(R + R,) +(Rs+R, + 2R) 


EQUATION 1. 


~—— F.C.C. LIMIT FoR CLASS A (INDUSTRIAL) EQUIPMENT AT 30 METERS. 
“77 F.C.C. LIMIT FoR CLASS B (MASS MARKET) EQUIPMENT AT 3 METERS, 


Se ar a ask 


EQUATION 2. _ 


a, 


Ensure that the additional RC time constant will not 
Cause the signal to violate any input restrictions of 
the receiving IC. _ 

The rise time from 10% to 90% amplitude can be 
calculated with equations 3 and 4. 


FIELD INTENSITY (V/m) 


108 136 174 215 300 400 470 1000 


FREQUENCY IN MEGAHERTZ 


FIGURE 3. FCC radiation limits for class A and 
Class B computing devices 


EMI/RFI control methods include Srounded meta] 
enclosures, Shielded cables, Component placement, 


interconnect designs, PoWer-supply decoupling and 


EQUATIONS 3 AND 4 low-pass filtering of signal and Power lines, 


Where Rip is the Thevenin equivalent resistance 


seen by the capacitor. Low-pass filtering can be effective for EMI/RFI 
Minimize the insertion loss by choosing smal] R filtering when the noise Components to be rejected 
values relative to the load impedance. Typical values occur at frequencies higher than the signal 

for R range from 10 to 50 ohms, frequency. 

aa, LIMITS | A typical application would be to filter signal lines 


The maximum radiation of electromagnetic 

_ Interference and radio frequency interference 
(EMI/RFI) to the environment is limited by 
fegulations in most developed countries, According 
to FCC regulations (Parts 15 and 18), emissions : 
must not exceed certain maximum levels, The levels 
depend on whether the equipment is for industrial 
use or for residential use. 4 Sraphical representation 
of these limits is shown in Figure 3. 


(and €conomical) solution than inductive type filters 
such as ferrite beads. In fact, ferrite beads become 
Mostly ineffective below I1OMHz. 
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ADDRESS 
DRAM 


CAS 


DATA BUS 
MEMORY CONTROL LINES 


wn 
==) 
co 
<x 
-_ 
x 
Qa 


TIMING 
GENERATOR 


SYSTEM DATA BUS 


APPLICATION NOTES 


WITHOUT 
DAMPING RESISTOR 


WITH 
DAMPING RESISTOR 


. an perce the driver of the 
b DRAM control a (WE) has 


- oF DRAM input can therefore be modeled as a 
transmission line with distributed inductance and 


oe apacitance. If not properly terminated, signal (1) - TIME TO ACCEPTABLE fend LOGIC LEVEL WITH DAMPING RESISTOR 
(2) - TIME TO ACCEPTABLE “LOW” LOGIC LEVEL FOR DRIVER WITHOUT DAMPING RESISTOR 


flections and ringing on the line will result, 
- adversely affecting the performance of the memory 
/ system. The effects on signal transitions will be: 


APPLICATION GUIDELINES 


Termination of address and control lines is typicall 
a Increased oe time delay on low-to- high ° open) 


accomplished with low-valued resistors placed in 
ae transitions. 


series at the driver output. Selection of the proper 


2 Voltage undershoot on high-to-low transitions. resistance value is performed in two steps: 


area OF DAMPING ON ADDRESS AND 
| CONTROL LINES 


1. Approximation of the proper resistance using 


transmission line equations. 


2. Breadboarding and changing the resistance 
value to account for real world deviations such 
SETTLING TIME 
WITHOUT as PCB vias and bends. 
DAMPING 
RESISTOR 


SETTLING TIME 
WITH 
DAMPING 
RESISTOR 


sve by bending the. pul voles below 0 
volts, can damage the driver IC as well as alter the 
I me internal address register contents, causing 
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characteristic line impedance 
(microstrip) 


87 0.98h 


co 


ohms 
0.8w +t 


propagation delay of the line 


0.085V€, ns/in 
1.017 V 0.475e, + 0.67 ns/in. 


trace capacitance = 1000 (1,/Z,) pF/in. 


equivalent trace capacitance per 
DRAM line. 


7 pF/in. 


effective characteristic impedance, 
including DRAM capacitive loading 


Zo 


V 1+ 0,/G, 


effective propagation delay 


T,V 1+ 0,/C, 


relative dielectric constant of the 
Substrate 


distance from the trace to the ground 
plane 


width of trace 


thickness of trace 


GROUND PLANE 
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PPLICATION NOTES 


The applicable transmission line equations are: 


For example, for a trace with the following 


characteristics: 
€- = 5 (for G10 glass epoxy) 
h = 0.060 inch 
w = 0.010 inch 
t = 0.003 inch 
then, Zo = 120 ohms 
Td = 0.19 ns/in. 
Co = 1.38-pP/in. 
Zo = 51 ohms 
Td = 0.44 ns/in. 


A theoretical resistance of 51 ohms will match the 
trace impedance of the PCB. 


The necessary resistance will differ from this value 
due to non-ideal characteristics of the PCB trace 
geometry (i.e., bends, curves and vias in the trace), 
as well as the manufacturing variations inherent in 
the components and materials. A trial-and-error 
process must be employed in order to optimize the 


value of the damping resistor. 


The procedure involves selecting various values 
around the calculated value and observing the 
resulting waveforms on an oscilloscope. Choose 

the value that best balances the reduction in 
ringing/reflection and the reduction in speed - a 
large resistance value provides better damping, but 
will also add delay by slowing the edge rate. 
Typically, resistance values for memory damping 
will be in the range of 10 ohms to 50 ohms, with the 


most common values in the 20 ohm to 30 ohm range. 


APPLICATION NOTES 


oy 


AC TERMINATION | 
_ WHEN TO TERMINATE TRANSMISSION LINES 


A transmission line should be terminated if the 
length of the line, or trace, satisfies the inequality 


L>ir 
214 


L is the length of the transmission line, T, is the 
signal rise time at the source and Tg is the 
propagation delay per unit length of the transmission 
line. 


The typical propagation delay for common trace 
widths and PCB materials is approximately 1.7 nsec 
per foot. For a rise time of 2 nsec, the critical length 
determined from the above inequality is: 


L= 2nsec. 
2x 1.7 nsec/ft. 


= 0.59 ft. 
= 7 in. 


In other words, line lengths greater than or equal to 7 
inches should be terminated. Line terminations are 
needed for clock inputs, read/write strobe lines on 
SRAM’s and chip select and output enable lines on 
PLD, PROM and RAM devices. Terminations are 
not needed on address and data lines since they 
generally operate at lower speeds. 


WHERE TO TERMINATE TRANSMISSION LINES 
The termination should be applied at the load which 
is electrically farthest from the source. This load is 


usually located at the farthest physical distance from 
the source. : 
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PARALLEL AC TERMINATION 


The Parallel AC Termination network is a general 
purpose termination that is preferred over a simple 
series or parallel termination. An example of the 


Parallel AC Termination is shown in Figure |. 


FIGURE 1. Parallel AC Termination 


WHY AN AC TERMINATION 


* Prevents DC power loss since DC current 1s 
blocked by a capacitor. 

© Does not produce level shift in the output high 
voltage, Voy, or output low voltage, Vot- 

* Attenuates high frequency AC noise peaks to 


levels less than the signal. 


PARALLEL AC TERMINATION’S FUNCTION 
AS A LOW PASS FILTER 


The Parallel AC Termination also serves the 
secondary role as a low pass filter. This is demon- 
strated by evaluating the negative and the positive 
step functions of the circuit shown in Figure 2. 

To evaluate the negative step function response, the 
switch in Figure 2 1s toggled from the ON position to 
OFF after the circuit has reached its steady state in 
the ON position at t=0. At time t=O, the voltge 
across the capacitor, V(t) is equal to V. V(t) is then 


given by: 


V A(t) = Vew(R2+R3)C (1) 


In evaluating the positive step function respon se, the 
Switch in Figure 2 is flipped from the OFF positi on 
to ON at t=0. The voltage across the capacitor V,(t) 


V.0)= V[1-e-VRIR9Cy  @ 


In theory, V(t) reaches V in the Positive step . 
response when t equals infinity. In the practical case, 
VO reaches 0.98 of V after 3.9 time constants, RC, 
Likewise, in the negative step response V0 reaches 
0.02 of V after 3.9 time constants ts 


FIGURE 2. AC Termination: 
Low Pass Filter Model 


CALCULATING THE CAPACITANCE OF THE 
PARALLEL AC TERMINATION 


The Ideal Case 
The parallel AC Termination is designed with a 
capacitance, C. which is large enough to filter / 


Positive (rising) and negative (falling) glitches, In 
addition, it is designed not to be so large as to cause 


any signal delay beyond the design threshold or to 
_ increase signal tise and fall times to be greater than § 


hsec. In short, the value of the capacitance is limited 
by maximum and minimum values. 


APPLICATION NOTES 


For R1=0, quation (2) becomes: 

V(t) = V[1-eVRC] (3) 
Where R = R3. 
From equation (3) the time, T. required for the signal 
to rise from 10% to 90% of the full amplitude is 
calculated as: 

T=2.2RC (4) 


Solving for Capacitance gives: 


C= _ T (5) 
2.2R 


For a line impedance of S0Q, the value chosen for R 
is 47Q since R < Zo (see Figure 1) and 479 isa 
Standard value. Substituting 5 nsec and 479 into 
equation (5), 


C= 48 pF 


Since positive and negative pulses of width T will be 
eliminated if T<4RC, a glitch of width 9 nsec or less 
will not be Passed by the filter. 


The Real World 


In reality, the values R1 and R2 in Figure 2 need to 
be taken into consideration. These resistance values 
are determined from the data sheets of the 
Components connected to the trace or line. R1 is 
added to R3, in this case 47Q. to find R. The 
Capacitance, C, is then calculated from equation (5). 
The time constant, RC, must not violate the line’s 
minimum pulse width criteria of the design. Use a 
smaller C if the minimum pulse width criteria is 
Violated. R2 is also added to R3, again 47Q in this 
Case, to find R. C is again calculated from equation 
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‘SOLDERING PROCEDURES FOR 
BI TECHNOLOGIES FIXED 
FILM PRODUCTS —C 


WAVE SOLDERING ~~ 


Preheating is performed by increasing the 
temperature of the components and PCB (or 


substrate) at a rate between 1.5°C/sec. and 2.5°Cisec, 


until at least 150°C is reached. That is, until a 
temperature within 100°C of the soldering 


temperature of 250°C is achieved. The duration of 


preheating should be at least 60 sec. and not exceed 

90 sec. Soldering should last no longer than 5 sec. at 
250°C, and soldered parts are cooled in still air. This 
procedure is shown graphically in Figure 1. 


Temperature 
(°C) 
250 


200 


1.5-2.5°C/sec 
150 


Preheating Soldering 


L+— 60-90 sec. + 5 sec. max—>| Time (sec.) 


Cooling (still air) 


FIGURE 1. Wave Soldering 
IR REFLOW SOLDERING 


_ During preheating, increase the temperature of the © 
parts at the rate of 3°C/sec. to attain the final preheat 
temperature of 150°C. The total time required to 

_ raise the temperature to 150°C should not exceed 45 

sec. The total time required for achieving and 

maintaining the temperature at 150°C should not 
exceed 90 sec. Increase the temperature from 150°C 
to the final soldering temperature of 240°C at the 

rate of 4°C/sec. Total soldering time should last 30 


rtm 
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sec., and soldered parts are allowed to cool in still 


air. As shown graphically in Figure 2. 


Temperature 
(°C) 


240 


Preheating Soldering Cooling (still air) 


Time (sec.) 


FIGURE 2. [R Reflow Soldering 


CONVECTION REFLOW SOLDERING 


Similar to that of wave soldering, preheating is 
performed by increasing the temperature of the 
components and board at a rate between 1|.5°C/sec. 
and 2.5°C/sec. until at least 130°C is reached. That 
is, until a temperature within 100°C of the soldering 
temperature of 230°C is achieved. The duration of 
preheating should be at least 60 sec. and not exceed 
90 sec. Soldering should last no longer than 5 sec. at 
230°C. After completed, soldered parts are cooled in 
still air. This is graphically represented in Figure 3. 


Temperature 
(°C) 
230 


200 
1.5-2.5°C/sec 
150 


100 


50 


Preheating Soldering 


+~— 60-90 sec +e 20 sec. max —+| Time (sec. ) 


Cooling (still air) 


FIGURE 3. Convection Reflow Soldering 


4-1 11 


551 technologies 4-112 


D 
Components 


tors 


ip 


Ch 
Power Res 


istors 


551 technologies 5-2 


BCR SERIES 
Thick Film 
Chip Resistors 


OUTSTANDING FEATURES 


e Seven Styles/Six Power Ratings Available - Including the popular 0805 and 1206 versions 
e +0.5% Tolerance offered - Low cost solution to precision requirements 
¢ Tight Dimensional Tolerances - Ensure reliable high yield board assembly 


e Nickel Barrier Terminations - For long term solder joint reliability 


¢ Glass Passivation - Provides superior environmental protection 
¢ Ruthenium Oxide Thick Film - Chosen for accurate and stable resistors 
e Jumper Chip is Standard - Provides <50 milliohm short 


Model 
Industry Style, Inch (mm) 


Glass Passivation: 
Glass Protective | 


- Electrode: 


Solder Plating on 
Thick Conductor 


BCR1/32 BCR1/16 


L Substrate: 


Resistor: 
Ruthenium Oxide 


-— 90/10 Tin-Laad 
Solder Coating 


Nickel Barrier 


Alumina 


BCR1/10 BCR1/8 


—— Silver Palladium 


BCR1/4 BCR1/2 BCR 1 


0402 (1050) | 0603 (1608) 


0805 (2012) | 1206 (3216) | 


1210 (3225) | 2010 (5025) | 2512 (6332) 


Standard Resistance Tolerances 


+1% (F Tol.) 
45% (J Tol.) 


+1% (F Tol.) 
+5% (J Tol.) 


| 


+5% (D Tol.) 
+1% (F Tol.) 
+5% (J Tol.) 


+1% (F Tol.) 
+5% (J Tol.) 


Standard Resistance Range, Ohms 


| 10@ to1 Mega | 


J Tol.- £24 


F Tol.- E96 


10 Ohms to 1 Megohm (Plus “Zero Ohm” Jumper Chip), J Tol. - E24 °F Tol. - E96 
51 Ohms to 510K Ohms, D Tol. - E96 


Operating Temperature Range 
Power Rating, Watts * 


-55 C to +125°C 


0.063 at 70°C 


0.125 at 70°C 


0.250 at 70°C | 0.250 at 70°C | 0.500 at 70°C | 1.0 at 70°C 


Rated Current/Peak Current, Amps** | 


1A/2A 


1.5A/3A 


__ 2A/4A 


Temperature Coefficient 
of Resistance 


+200ppm/°C 
(F & J Tol.) 


+100ppm/°C (D & F Tol.) 
+200ppm/°C (J Tol.) 


+100ppm/°C (F Tol.) 
+200ppm/°C (J Tol.) 


Operating Voltage, Max./ 
Overload Voltage, Max. 


* Not to exceed Maximum Operating Voltage. Derates to 0 at 125°C. 


** Also applies to Jumper Chips 


50/100Vdc 
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150/300Vde 
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200/400Vdc 


Specifications subject to change without notice. 


BCR Series 


Typical Part Marking 
(Resistance Code 103) 


039+.002 | -229-.992 | .014+.002 | .oo8+.004 
1.00+.05 410! 354.05 | 20410 


serie | 263#.006 | .031+.006 | .018+.004 | .012+.008 | .012+.008 
1604.15 | 80415 | 4540.10 | 304.20 | 30420 


BCR1/32 


nes 
QR 


S85 


38 
0068. 
lets 


.079+.008 
2.04.20 


.126+.008 
3.20+.20 


.197+.008 
5.0+.20 


.049+.004 


1.25+.10 


0637-002 
-.006 
1.60 +.05 
-.15 


.098+.006 


.020+.004 
.50+.10 


.024+.004 
0.60+.10 


.024+.004 
.60+.10 


.024+.004 


2.0+.15 


.126+.008 
3.20+.20 


.60+.10 


.023+.004 
.60+.10 


.016+.008 


40+.20 


.020+.01 
.90+.25 


.020+.008 
.00+.20 


.024+.004 


.60+.20 


.028+.008 
.10+.20 


.016+.008 
.40+.20 


204.012 
50+.30 


.020+.008 
.50+.20 


.020+.012 
.00+.30 


.028+.008 
.10+.20 


.248+.008 
BCR1 
6.30+.20 


RESISTANCE CODE TABLE 


Resistance (Ohm) G (2%) and J (5%) Tolerance F (1%) and D (0.5%) Tolerance 

0 JP - 

1-9 All digits significant - 

10-99 Two digits significant, third digit multiplier All digits significant 

100-1Meg Two digits significant, third digit multiplier Three digits significant, fourth digit multiplier 


Example 
2 Ohm 2RO “R” denotes decimal place - 


20 Ohm 200 20RO “R” denotes decimal place 
20K Ohm 203 2002 
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BCR Series 


PACKAGING (Inch/mm) (PER EIA-481 REV. A) 


Paper and Embossed Tape 


.157+.004 
' 4.0+0.1 


See Moa iH 7 — DC: 
fp | | 1 H 
‘ . 157+,004 
4.0+0.1 
Paper Tape Embossed Tape 
Upper-Surface— .039 Upper-Surface— 039 
Covering Tape 1.0 Max can Tape 1 Max. 


Cavity For Resistor 
Covering Tape 


Paper Tape Embossed Tape 


BCR1/32 
.026+.004 


BCR1/16 | BCR1/10 BCR1/8 


043+.008 | .065+.008 | .079+.008 
65+0.1 1.6540.2 | 2.0+0.2 
045+.004 | .075+.008 |.094+.008 | .142+.008 
1.15+0.1 |  1.9+0.2 3.6+0.2 


.315+.008 
8.0+0.2 


BCR1/4 | BCR1/2 


.110+.008 .138+.004 

2.8+0.2 3.0+0.1 
-138+.008 .209+.008 |.266+.004 
3.540.2  5.3+0.2 | 6.75+0.1 


| 315+.012 .472+.012 |.472+.008 
| 8040.3 12.040.3 | 12.0+0.2 


.138+.002 
3.5+0.05 


.069+.002 
1.75+0.05 


.138+.008 


| 3.5+0.2 


.217+.002 
9.9+0.05 


.069+.004 
1.75+0.10 


Reel 


Industry; Model Paper Embossed | Industry! Model Paper Embossed 
Style | Number Tape Tape Style | Number Tape Tape 
0402 | BCR1/32 |10K pcs/reel 0602 | BCR1/32 | 20K pcs/reel 
1 T T 
0603 | BCR1/16 | 5K pcs/reel 0603 | BCR1/16 | 20K pcs/reel 
— —— : + + 
0805 § BCR1/10 | 5K pcs/reel 0805 § BCR1/10 | 20K pcs/reel 
_| | 4 +— + 
1206 BCR1/8 | 5K pcs/reel 1206 BCR1/8 | 20K pcs/reel 
394+ .059 tT T T 7 
+], BCR1/4 4K pcs/reel | 1210 BCR1/4 16K pcs/reel 
7.008+.079 p,; { i] 
178=20 t BCR1/2 4K pes/reel | 2010 | BCR1/2 16K pcs/reel 
+ bE . ) 
Embossed BCR1 4K pcs/reel | 2512 | BCRI 16K pcs/reel 
Laber: BCR1/2 Only 
Includes Part Number, 
Date Code and Quantity 
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5-5 BCR Series 


ORDERING INFORMATION 


BCR 1/10 103 J T 


Model Series 


Resistance Code 
Nominal Resistance Value 
First 2 digits are significant 
Third digit indicates number 
of trailing zeros. Use 4 digit 
code on F & D Tol. (per table) 
(Use JP for Jumper Chip) 
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— Packaging Options 
T = Paper Tape 
(All Tolerances) 
E = Embossed Tape 
(F,G & J Tol. only) 


Tolerance Code 
D=0.5% 

=+t % 

= +2% 

= +5% 

or Jumper Chip; e.g. BCR 1/10 JPT) 


FE 
G 
J 
(F 


BCR Series 


MODEL SERIES BCT 


Precision Thin Film 
Chip Resistors 
0805 & 1206 


OUTSTANDING FEATURES 


¢ +0.1% Tolerance - Low cost solution to precision requirements 

¢ Tight Dimensional Tolerances - Ensure reliable high yield board assembly 
¢ Nickel Barrier Terminations - Provide long term solder joint reliability 

¢ Exceptional Temperature Performance - +25ppm/°C 


Protective Coating \ - Resistor: Nichrome 


90/10 Tin-Lead Solder Coating 


Nickel Barrier 


Substrate: Alumina / 


Industry Style, Inch(mm) 0805 (2012) & 1206 (3115) 
Standard Resistance Tolerance at 25°C +0.1% (B Tol.), +.25% (C Tol.), +.5% (D Tol.) 
Standard Resistance Range, Ohms 100 to 100K, -E96 for 0.1% 
10 to 100, -E96 for 0.25% 

Operating Temperature Range -55°C to +125°C 
Power Rating, Watts* (Derates to 0 at 125°C) 0805: .100 at 70°C 
1206: .125 at 70°C 

Temperature Coefficient of Resistance +25ppm/°C 
Operating Voltage, Max./Overload Voltage, Max. 0805: 75/150V de 


1206: 150/300V dc 


* Not to exceed Maximum Operating Voltage 
Specifications subject to change without notice. 
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AALCY 
O,8, xX) 


S50 


Va Fa Fa W 
tel, 


5 
Rees 


ORDERING INFORMATION 


BCT 


Model Series 4 


Size: 
20 = 0805 
32 = 1206 


Resistance Code 

Nominal Resistance Value 
First 3 digits are significant 
Fourth digit indicates number 
of trailing zeros 
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CORPORATION 


_.079+.006 _122+.004 
2.0.19 3.1+0.1 
.049+.004,-.002 | .061+.004,-.002 
1.25+0.1,-.05 1.55+.1-.05 

— Max. <= Max. 


20 1002 B T 


LL 


Packaging 
T = Paper Tape 
7" Reel Dia, 5K/Reel 


Tolerance Code 


B=0.1% 
C =0.25% 
D=0.5% 


5-8 Model Series BCT 


Paper Tape —_—__—_—____-_.. _________. Ree | 
x tage bi 512+ ia 


28+1.0 / 132 


A a .394+.059 
10+1.5 


,-Upper-Surtace- 94 nay 
[ Covering Tape = s-«*1.0 | 


Es 


ft Aa Max. “Cavity For Resistor 


Includes Part Number, 
Date Code and Quantity 


Note: Reel capacity is 5,000 chips. 


BCT 29 | :065+.006 | .098:+.008 | .315+.008 | .138+.002 | .69+.004 
1654.15 | 2.54.2 8.0+2 | 3.54054 | 1.7541. 
BCT 32 .079+.006 | .142+.008 | .315+.008 | .138+.002 | .69+.004 
2.0+.15 3.64.2 8.04.2 | 3.5+.054 | 1.7541 
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MODEL 

BPC SERIES 
Non-Inductive Planar 
Thick Film 


Power Resistor Network 


STANDARD TYPES 


NEW PRODUCT 


BPC 3 3 Watts, Nominal 
BPC 5 5 Watts, Nominal 
BPC 7 7.9 Watts, Nominal 
BPC 10 10 Watts, Nominal 


Resistance Range, Ohms 


BPC 3, BPC 5, BPC 7:1 to 200K, BPC 10: 3 to 200K 


Standard Tolerances 
Operating Temperature Range 


+1%, +2%, 9%, +10% (<100hms = +2%, +5%, +10%) 
-59°C to +125°C 


Temperature Coefficient of Resistance, Maximum 


+100ppm/°C 


Power Ratings, Watts 


SW, SW, 7.5W, 10W 


Operating Voltage, Maximum 


300 V ac, 500V de 


Peak Current 


20 X Rated Current up to 8 ms (AR +0.5%) 


ENVIRONMENTAL (PER MIL-R-83401) 


Thermal Shock ; AR 0.50% 
Terminal strength AR 0.25% 
Moisture Resistance AR 0.25% 


Mechanical Shock ; 


30G's , AR 0.25% 


Vibration 


10G's, 10 to 500 Hz AR 0.25% 


Low Temperature Storage AR 0.25% 
High Temperature Exposure AR 0.25% 
Load Life, 1,000 Hours AR 1.00% 
Resistance to Solder Heat AR 0.25% 
Dielectric Withstanding Voltage, Minimun 9,000 Vdc 


Marking Permanency 


MIL-STD-202, Method 215 


Lead Solderability 


MIL-STD-202, Method 208 


Flammability 


UL 94V-0 Rated 


Storage 


-99°C to +155°C 


Specifications subject to change without notice. 


558 technologies 


CORPORATION 


Model BPC Series 


Lead Material Solder Tinned Copper Alloy 
Substrate Material 96% Alumina 
Resistor Material Ruthenium Oxide 


APPLICATIONS 


¢ High power density e /n rush current limiters 
e Power is dissipated above circuit board e Power supply preloads 
e Low temperature solder e Snubber circuits 

e Board layout flexibility e UPS systems 


ORDERING INFORMATION 


BPC 10 103 G 


Model Series Tolerance Code: 


F = 1% 
Power Rating: G 29, 


3 = 3 Watts J = 5% 
5 = 5 Watts K = 10% 
7 = 7.5 Watts 


10 = 10 Watts '_____ Resistance Code 
First 2 digits are 
Significant. Last 
digit denotes number 
of trailing Zeros. 
For F Tol. first 3 digits 
are significant. Last 
digit denotes number 
of trailing zeros. 


STANDARD RESISTANCE VALUES (OHMS) 


Value 1 2 9 10 20 50 100 200 900 1K 2K OK 10K 20K 50K 
Code 1RO 2RO 5RO~ 100 200 500 101 201 501 102 202 902 103 203 503 


Standard: BPC 3, BPC 5, BPC 7 = 200 per box 
BPC 10 = 100 per box 


Bi f echnologies 5-12 Model BPC Series 


1.000+.015 
25.42.381 
ax. 
l 
| .050 


.100 
2.94 


Maximum 
Overall 
Thickness 


.125+.025/-.000 

3.175+.635/-.000 ; .034 ms .010+.002 
864 .204+.050 
.020+.002 
.508+.050 


—--- 


BPC5 | BPC7 
040 | 050 | 0.75 
10.16 | 12.70 | 19.05 
5.08 | 5.08 | 12.70 | 20.32 


POWER DERATING CURVE OVERLOAD CHARACTERISTICS 


20X Nominal 
Power Rating 


Percent of 
Rated Power 


70 
Degrees C 


Nominal 


Power Rating 


Time (milliseconds) 
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Application Notes 


Discrete Components 


BPC Applications 16 


APPLICATION NOTES 


TO OUTPUT 
CIRCUITRY 


BPC 10 BPC 10 


EMI Filter 


MAGNETIC COMPONENTS CAPABILITIES 


Gate Drive 


Main Line 
era Transformer 
Power | Dist’d | Power | Dist’d | Differential | Mode (Mosfet) — 


Application Related 

- Line Input (70-400V) J 

- Oper. Freq. 20-500 KHz WA WA J WA 
-DC/DC J J 

- International Safety J J J 


Core: Mat’l & Config. 
- Ferrite: Buckle 
EE J 
ETD 
EC 
PQ 
RM 
UU J 
SLUG (Drum) J 
Toroid J J J 
- Pwd. Iron: Toroid J 


Packaging 


\ 


™ Ss Se SN 
S SS S N ®& SN 


— a el 


- Low Profile SMD J 
- Encapsulated J 
- Through Hole J J 


(3/8” to 2” Cube) 
- SMD Chip 


Th 12; 1s, 11, 12,13, 
15, 50, 51 BCL, 
BCL, BML BML 


Catalog Equiv. (HM) 32,00 


Contact Product Marketing for Design Assistance. 
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CORPORATION 


MODEL BCL 453232 


Surface Mount 


Inductors 


Size: 1812 


OUTSTANDING FEATURES 


e Wound ferrite core for low DCR 

¢ Molded construction provides superior strength and moisture resistance 
e Accurate dimensions for automatic handling and machine placement 
Compatible with vapor phase and infra-red reflow soldering _ 
Wide inductance range in a small package 


APPLICATIONS OUTLINE DIMENSIONS (Inch/mm) 


e Instrumentation 
Mobil Communication Equipment 
Notebook Computer 

- - - ~~ Inductance Code 
Video and Audio Equipment marked on this surface. 
Video Games 
Medical Equipment 


ELECTRICAL/ENVIRONMENTAL 


Inductance Range 0.1HH to 1,000UH 
Standard Tolerance +10%(<1.0UH = +20%) 
Storage Temperature -40°C to +100°C 
Operating Temperature -40°C to +100°C 
Ambient Temperature, Maximum 80°C 
Resistance to Solder Heat 260°C for 10 sec. 
Terminal Pull Strength, Minimum 1.0 KG 


Specifications subject to change without notice. 
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CORPORATION 


ORDERING INFORMATION 


BCL 453232 330 K 


Model Series en L Inductance Tolerance 
Inductance Code J=5% 


First 2 digits are significant. K = 10% 
Last digit denotes the number Sa 
of trailing zeros. Values M= 20% 
below 10H, "R" denotes the 

decimal point. 


RECOMMENDED PC BOARD LAYOUT (Inch/mm) 


(1) Parallel 158 (2) Series 


1 oO OF 


3.0 ' 30 ' 3.0 
059 059 
1.5 15 
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Inductance Change vs. 
DC Superposition Characteristics 


__ Test Circuit 


500 — [ (®) Tart i 


1000 


Inductance (yH) 


.826+.04 


50 ~=100 500 1000 


| d.c. (mA) 


Q vs. Frequency Response 


2.75+.08 
70+2.0 


500 pes./reel capacity 7.00+.08 
178+2.0 


= + +- 


Test Equipment: Q Meter HP 4342A 


10 


Frequency (MHZ) 


Inductance Change vs. Temperature Response 


2 ‘Temperature (°C) 


4 Test Equipment: LOZ Meter HP4274A 
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SPECIFICATIONS 


Model 


BCL453232-R10 M 
BCL453232-R12 M 
BCL453232-R15 M 
BCL453232-R18 M 
BCL453232-R22 M 
BCL453232-R27 M 
BCL453232-R33 M 


BCL453232-R39 M 


BCL453232-R47 M 
BCL453232-R56 M 
BCL453232-R68 M 
BCL453232-R82 M 
BCL453232-1R0 K 
BCL453232-1R2 K 
BCL453232-1R5 K 
BCL453232-1R8 K 
BCL453232-2R2 K 
BCL453232-2R7 K 
BCL453232-3R3 K 
BCL453232-3R9 K 
BCL453232-4R7 K 
BCL453232-5R6 K 
BCL453232-6R8 K 
BCL453232-8R2 K 
BCL453232-100 K 
BCL453232-120 K 
BCL453232-150 K 
BCL453232-180 K 
BCL453232-220 K 
BCL453232-270 K 
BCL453232-330 K 
BCL453232-390 K 
BCL453232-470 K 
BCL453232-560 K 
BCL453232-680 K 
BCL453232-820 K 
BCL453232-101 K 
BCL453232-121 K 
BCL453232-151 K 
BCL453232-181 K 
BCL453232-221 K 
BCL453232-271 K 
BCL453232-331 K 
BCL453232-391 K 
BCL453232-471 K 
BCL453232-561 K 
BCL453232-681 K 
BCL453232-821 K 


Inductance 
(HH) 


0.10 
0.12 
0.15 
0.18 
0.22 
0.27 
0.33 
0.39 
0.47 
0.56 
0.68 
0.82 
1.0 
1Z 
1.5 
1.8 
2.2 
2./ 
3.3 
3.9 
4.7 
9.6 
6.8 
8.2 
10.0 
12.0 
15.0 
18.0 
22.0 
27.0 
33.0 
39.0 
47.0 
96.0 
68.0 
82.0 
100 
120 
150 
180 
220 
270 
330 
390 
470 
560 
680 
820 
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Tolerance 


Q Min. 


A A A A A A A AR AR AR] RR RR AR RR AR ROR ROR ROR OR ROR RR ROR RR OR ROR RR RR RR RR HR SI SS SJL JI JI ZIZZO ZZ] 


35 
35 
35 
35 
40 
40 
40 
40 
40 
40 
40 
40 
50 
50 
90 
930 
50 
50 
50 
90 
50 
50 
50 
90 
90 
50 
90 
50 
90 
50 
90 
50 
50 
50 
50 
50 
40 
40 
40 
40 
40 
40 
40 
40 
40 
30 
30 
30 


6-6 


Test 
Freq. 
(mHz) 
25.2 
26.2 
25.2 
25.2 
25.2 
25.2 
25.2 
25.2 
pds 
25.2 
25.2 
20.2 
7.96 
7.96 
7.96 
7.96 
7.96 
7.96 
7.96 
7.96 
7.96 
7.96 
7.96 
7.96 
2.52 
2.52 
2.52 
2.52 
2.52 
252 
2.52 
252 
2.52 
2.52 
2.52 
2,52 
0.796 
0.796 
0.796 
0.796 
0.796 
0.796 
0.796 
0.796 
0.796 
0.796 
0.796 
0.796 


SRF 
Min. 
(mHz) 
300 
280 
250 
220 
200 
180 
165 
150 
145 
140 
135 
130 
100 
80 
70 
60 
55 
50 
45 
40 
30 
33 
re | 
25 
20 
18 
if 
15 
13 
12 
11 
10 
10 
9.0 
9.0 
8.0 
8.0 
6.0 
5.0 
5.0 
4.0 
4.0 
3.0 
3.0 
3.0 
3.0 
3.0 
25 


RDC 
Max 
(OHM) 
0.18 
0.20 
0.22 
0.24 
0.25 
0.26 
0.28 
0.30 
0.32 
0.36 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.90 
1.00 
1.10 
1.20 
1.40 
1.60 
2.00 
2.50 
2.80 
3.20 
3.60 
4.00 
4.50 
5.00 
5.00 
6.00 
7.00 
8.00 
8.00 
9.00 
9.50 
10.0 
12.0 
14.0 
16.0 
26.0 
30.0 
30.0 
35.0 


Model BCL 453232 


Rated 
Current 
IDC (mA) 
800 
770 
730 
700 
665 
635 
605 
575 
545 
520 
500 
475 
450 
430 
410 
390 
380 
370 
355 
330 
315 
300 
285 
270 
250 
225 
200 
190 
180 
170 
160 
150 
140 
135 
130 
120 
110 
110 
105 
102 
100 
92 


MODEL BMB SERIES 


Surface Mount 
Multi-Layer 

Chip Beads 

Sizes: 0805 to 1812 


OUTSTANDING FEATURES 


e Monolithic structures for high reliability 

e Choice of various sizes and materials for a widerange of application 
e Designed to offer high impedance for volume 

¢ Compatible with vapor phase and infra-red reflow soldering 


e Instrumentation 


e Mobile communication equipment is 
e Notebook computers an 
e Video and audio equipment | | Electrode 


e Video games 
e Medical equipment 


Specifications subject to change without notice. 


Inch/mm 


7 Model — | ADim. — B Dim. 7 C Dim. D Dim. 
BMB 201209 .079+.01 047+.01 035+.01 .020+.01 


(0805) 2.040.20 1.2+0.20 0940.20 0.5+0.30 
BMB 321611 126+.01 .063+.01 043+.01 020+.01 
(1206) 3.2+0.20 1.60.20 1.1+0.20 0520.30 
BMB 321616 126+.01 .063+.01 .063+.01 .020+.01 
(1206) 3.2+0.20  1.6+0.20 1.6+0.20 0.5+0.30 
BMB 322513 126+.01 098+.01 051+.01 020+.01 
(1210) 3.240.20 = 2.5+0.20 1.3+0.20 0.5+0.30 
BMB 453215 177+.01 126+.01 051+.01 020+.01 
(1812) ADS020 3240.20 1.3+0.25 0.5+0.30 
BMB 451616 177.01 ..063+.01 063+.01 ..020+.01 
(1806) 4540.25 1.60.20 1.6+0.20 0.5+0.30 
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o69+.004 4 


.157+.004 .059+.004-0 


1.5+0.1-0 


.010+.002 


+0.1 
j >I. 2540.05 


1.75+0.1 


+.004 
A 


Tape Material: Polyestyrene 


ORDERING INFORMATION 


Reel Capacity is 2,000 pcs., except BMB 453215 which is 1,000 


| Part # A B 

142 193. O10 
3.60 4.90 8 
075 193. 158 
1.90 4.90 4 
14 142 .158 
2.90 3.60 4 
075 138. .158 
1.90 3.50 4 
075 8138 .158 
190 3.50 4 
075 138 .158 
1.90 3.50 4 
059 091. .158 
1.5 2.30 4 


| BMB 453215 


| BMB 451616 


| BMB 322513 


| BMB 322511 


| BMB 321616 


BMB 321611 


BMB 201209 


BMB V 201209 


Model Series 
Material 


ELECTRICAL CHARACTERISTICS 


Part # 


BMB-V-201209 
BMB-A-321611 
BMB-V-321611 
BMB-E-321611 
BMB-C-321616 
BMB-A-322513 


BMB-V-322513 
BMB-A-453215 
BMB-V-453215 
BMB-D-453215 
BMB-V-451616 
BMB-F-451616 
BMB-G-451616 


5 technologies 


Impedance(Q) DC Resistance Rated Current 
@ 100 MHZ (Q) Max. (mA) Max 
174+25% 0.1 600 
26+25% 0.2 500 
314+25% 0.2 500 
600+25% 1.0 200 
704+25% 0.5 200 
52+25% 0.3 400 
60+25% 0.3 400 
120+25% 0.4 300 
125+25% 0.4 300 
704+25% 0.4 300 
60+25% 0.3 300 
80+25% 0.3 500 
150+25% 0.7 200 


CORPORATION 
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Dimensions: 
Length (A) x Width (B) 
x Thickness (C) 


MATERIAL CHARACTERISTICS 
V A 


Initial Permeability, piac 200 8500 
Permeability,Maximum, ym 450 900 
Saturation Flux Density @ 10 Oe, Gauss 1400 1500 
Curie Temperature, “C_ >130  >100 
Volume Resistivity, Q-m 408 = 108 


Temperature Coefficient of uiac 20°C ~ 80°C, 10°C 13 5 
Density, g/cm? 4.8 48 


Model BMB Series 


_———— 


Model BMB Series 


wet 
2 || 


Frequency (MHz) 


Typical Electrical Characteristics 
’ Test Instrument: HP4195A 
—;++-+ Network/Spectrum Analyzer 
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Typical Electrical Characteristics 


Curve: BMB-322513 
Network/Spectrum Analyzer 
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Curve: BMB-321611 


+ Network/Spectrum Analyzer 
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Test Instrument: HP4195A 
Network/Spectrum Analyzer 
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PERFORMANCE EXAMPLES FOR ‘V’ MATERIAL 
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CORPORATION 


MODEL BML SERIES 


Surface Mount 
Multi-Layer 
Chip Inductors 
Size: 1206 


OUTSTANDING FEATURES 


e Tight dimensional tolerances and a small package make this chip ideal for high density installation 
e Monolithic structure for high reliability 


e Magnetic shielded construction minimizes coupling to other components 
e Compatible with vapor phase and infra-red reflow soldering 


APPLICATIONS OUTLINE DIMENSIONS (Inch/mm) 


e Instrumentation 

e Mobile communication equipment 
¢ Notebook computer 063.01 

e Video and audio equipment 1620.2 
e Video games 

e Medical equipment 


-—— Ferrite 


—— Terminal 
Electrode 


ELECTRICAL/ENVIRONMENTAL 


Inductance Range 0.12uH to 12.0UH 

standard Tolerance +10% (<0.82H = +20%) 

Storage Temperature -40°C to +85°C 

Operating Temperature -20°C to +85°C 

Ambient Temperature, Maximum 80°C | 

Resistance to Solder Heat 260°C for 10 sec. ee J ee 
Resistance to Solvent Per MIL-STD-202F 


Specifications subject to change without notice. 
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CORPORATION 


PERFORMANCE 


Q vs. Frequency Characteristics 


impedance vs. hab alli Gaaractartsiles 
1000 eee el 


Impedance (KQ) 


Frequency (MHz) 


linductance (pH) 


ORDERING INFORMATION 


Inductance Change vs. Temperature Response 


Change AL/L (%) 


Inductance 


; 
bd Ce 
Test Equipment: LCR Meter 4285A (HP 


as aa ae 
cme aaare Test Equipment: LCR Meter 4285A (HP) 


= 
= 
=x 
l 
a 
q 
| 


DC Current (mA) 


BML 321611 1RO X 


Model Series | 


Dimensions 


Lo Tolerance: 


K = +10% 
M = +20% 


Inductance: 1.00uH 


55 technologies 


6-12 


Model BML Series 


SPECIFICATIONS 


inductance Test SRF RDC Rated 
(pH) Freq. Min. Max. Current 
(MHZ) (MHZ) (OHM) IDC (mA)* 


BML321611 R12 X 
BML321611 R15 X 
BML321611 R18 X 
BML321611 R22 X 
BML321611 R27 X 
BML321611 R33 X 
BML321611 R39 X 
BML321611 R47 X 
BML321611 R56 X 
BML321611 R68 X 
BML321611 R82 X 
BML321611 1R0 X 
BML321611 1R2 X 
BML321611 1R5 X 
BML321611 1R8 X 
BML321611 2R2 X 
BML321611 2R7 X 
BML321611 3R3 X 
BML321611 3R9 X 
BML321611 4R7 X 
BML321611 5R6 X 
BML321611 6R8 X 
BML321611 8R2 X 
BML321611 100 X 
BML321611 120 X 


0.12+20% 
0.15+20% 
0.18+20% 
0.22+20% 
0.27+20% 
0.33+20% 
0.39+20% 
0.47+20% 
0.56+20% 
0.68+20% 
0.82+20% 
1.0+20% or +10% 
1.2+20% or +10% 
1.5+20% or +10% 
1.8+20% or +10% 
2.2+20% or +10% 
2.720% or +10% 
3.3+20% or +10% 
3.9+20% or +10% 
4.7+20% or +10% 
5.6+20% or +10% 
6.8+20% or +10% 
8.2+20% or +10% 
10.0+20% or +10% 
12.0+20% or +10% 


29 


220 


20 
25 
29 
29 
25 
29 
29 
29 
29 
25 
10 
10 
10 


200 
185 
170 
150 
145 
135 
125 
115 
105 


100 
75 
65 
60 
99 
90 
45 
41 
36 
35 
32 
29 
26 
24 
22 


0.3 
0.3 
0.4 
0.4 
0.5 
0.6 
0.5 
0.6 
0.7 
0.8 
0.9 
0.4 
0.5 
0.5 
0.5 
0.6 
0.6 


0.7 
0.8 
0.9 
0.7 
0.8 
0.9 
1.0 
1.05 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
90 
90 
50 
90 
50 


90 
50 
20 
29 
29 
20 
19 


Tolerance: K = +10%, M=+20% 
* Current Rating: The current at which a smaller change of inductance will occur due to either temperature increases or DC Current Superposition. 


- — 
+ 
oe .06+.004-0 


g 
315+.008 ee 1.5+0.1-0 
08+.002 
8.00.2 ne 
2.0 +0.05 vig 014.002 
9520.05 


| 


.07+.004 


1.7520.1 i t | . 08 


2.0 


.157+.004 .075+.004 


ee eta ntl 
4.0+0.1 1.9+0.1 


Tape Material: Polystyrene Supplied on 7” Diameter Reels. Reel capacity is 3,000 pcs 
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MODEL SERIES HM1 1 


Inductor 


Vertical Mount 


e High saturation flux density 
e Small size 

e Single layer designs 

e Available without core 

e Custom designs available 


APPLICATIONS 


High Saturation 


e Switch mode power supplies Flux Density 


e EMI suppression 
e Output ripple current filters 
e High current oscillator tank circuits 


ELECTRICAL/MECHANICAL/ENVIRONMENTAL 


Operating Temperature Range -25° to + 105°C 
Temperature Rise Maximum 45°C 


Wire Gauge 

10 to 20 AWG 
Plated 
Leads 


apie SCHEMATIC 
Plated Leads Dia. 


OUTLINE DIMENSIONS (Inch/mm) 


JO _ Typical _ 


Specifications subject to change without notice. 
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CORPORATION 


SPECIFICATIONS 


Max. Current Mechanical Outline 
Inductance Resistance | SAT (DC Amps) Dimensions: inches (mm) 
Core Wire Gauge pHat10KHz DCMax. (DC Amps) at35°C = at 45°C 
Size AWG(mm)e +25% mQ Approx. Rise Rise 


23. 16.0 


HM11-11001 10 X 30 10 (2.59) 3.40 1.8 48 5 26.5 75 (19.0) 63 (16.0) 
20 ) ) ) 


7.0 8.0 1.26 (32 


1.26 (32) 15 (19.0 


HM11-11804 10 X 30 18 (1.02) 17.80 21.4 55 (14.0 00 (12.8 
HM11-12005 10 X 30 20 (0.81) 28.00 43.0 16 55 6.5 1.26 (32) 59 (14.0) 49 (12.4) 
HM11-21001 10 X 20 10 (2.59) 1.20 iz 85 25.0 28.0 87 (22) 15 (19.0) .63 (16.0) 
HM11-21503 10 X 20 15 (1.45) 3.9 55 46 Ti 13.0 87 (22) 60 (15.2) 54 (13.7) 
HM11-21804 10 X 20 18 (1.02) 7.50 15.0 30 8.0 9.0 87 (22) 55 (14.0) 00 (12.8) 


HM11-22005 10 X 20 20 (0.81) 12.60 30.6 22 5.0 55 87 (22) 55 (14.0) 49 (12.4) 
HM11-31001 8 X 20 10 (2.59) 0.90 2 28.0 31.0 87 (22) .65 (16.5) 55 (14.0) 
HM11-31302 8 X 20 13 (1.83) 2.10 14.5 17.0 87 (22) 55 (14.0) 49 (12.5) 
HM11-31503 8 X 20 15 (1.45) uu ; 13.5 87 (22) 09 (14.0) .46 (11.7) 
HM11-31804 8 X 20 18 (1.02) 5.80 8.0 9.0 87 (22) 50 (12.7) 43 (10.8) 
HM11-32005 8 X 20 20 (0.81) 9.50 22.8 22 50 6.5 87 (22) 45 (11.4) 41 (10.4) 
(1.02) 1.65 6.1 OZ 8.0 0 09 (14) 40 35 (8 


9 


’) 
( (8.8) 
HM11-42004 6X 12 20 (.081) 2.48 | 75 8.5 55 (14) AO (10.2) 33 (8.4) 


HM11-41803 6X12 18 (1.02 40 (10.2) 
HM11-51301 5X 20 13 (1.83) 1.45 195 87 (22) 45 (11.4) 3 (9.5) 
HM11-51502 5X 20 15 (1.45) 2.10 16.5 87 (22) 45 (11.4) 34 (8.7) 
HM11-51803 9X 20 18 (1.02) 4.40 87 (22) 35 (8.9) 31 (7.8) 
HM11-52004 5 X 20 20 (0.81) 7.10 87 (22) 35 (8.9) .29 (7.4) 
HM11-61301 4X10 13 (1.83) 0.21 47 (12) 40 (10.2) .33 (8.5) 
HM11-61502 4X10 15 (1.45) 0.43 , 47 (12) 40 (10.2) 30 (7.7) 
HM11-61803 4X10 18 (1.02) 0.71 . . 47 (12) 30 (8.9) .27 (6.8) 
HM11-62004 4X10 20 (0.81) 1.17 47 (12) 30 (7.6) .20 (6.4) 


¢ Nom. bare wire diameter 
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CORPORATION 


MODEL SERIES HM12  —— 


Output Toroidal Inductor oS 
Awl hy 
BS 4 


With Mounting Base 


e High performance powdered iron cores for 


__excellent energy storage characteristics For Figures (3) Orientation 
° Cost effective design 1&2 


e Custom designs available 


APPLICATIONS 


e Switching power supply 


ELECTRICAL/MECHANICAL/ENVIRONMENTAL 


e Motor control circuit Insulation Resistance Minimum 100 Megohms 
¢ Differential EMI filter Operating Temperature Range —25°C to +105°C 
e Output ripple current filter Insulation System Class B, 130°C 


Specifications subject to change without notice. 
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CORPORATION 


SPECIFICATIONS (FIGURE 1) 


Energy Mechanical Outline 
Inductance Current DCR Storage Dimensions: inches/mm 
Typical DCI Max. Max. ETop (ud) 
Model (uH) (Amps) (Ohms) (V-uSec) Min. _ Fig. 


0.8 0.75 
20.32 19.05 
0.8 Te 
20.32 30.48 
12 1.58 
30.48 40.13 
0.8 0.95 
20.32 24.13 
0.9 1.35 
22.86 34.30 
15 1.85 
38.1 47.0 


HM12-01001 92 0.35 77 46 


HM12-01002 700 0.89 


HM12-01003 1,700 1.45 


HM12-02501 77 0.11 


HM12-02502 : 0.29 


HM12-02503 0.63 


Energy Mechanical Outline 
Inductance Current DCR Storage Dimensions: inches/mm 
Typical DCI Max. Max. ETop (J) 
Model (uH) (Amps) (Ohms) (V-uSec) Min. 


HM12-03501 275 0.200 500 2,200 
HM12-03502 475 0.130 2,138 
HM12-06001 0.025 630 

HM12-06002 0.048 1,800 
HM12-06003 0.068 3,240 
HM12-06004 0.095 5,940 
HM12-07001 0.032 1,225 
HM12-07501 0.075 5,000 
HM12-10001 0.009 750 

HM12-10002 0.012 1,250 
HM12-10003 0.018 2,250 
HM12-10004 0.025 3,750 
HM12-10005 0.032 7,900 
HM12-15001 0.009 3,935 
HM12-15002 0.012 7,310 


HM12-16001 0.0065 2,960 


* Nom. bare wire diameter 
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MODEL SERREES M1) =e 


High Inductance 


High Frequency 


Toroidal Inductors 


e High performance low loss cores for excellent 
energy storage characteristics at 300 KHz 


ELECTRICAL/MECHANICAL/ENVIRONMENTAL 


and high ET Insulation Resistance Minimum 100 Megohms 
° Cost effective design Operating Temperature Range —29°C to +105°C 
e Industry standard header Insulation System Class B, 130°C 


e Custom designs available 


e Switching power supply 
e Motor control circuit 

¢ Differential EMI Filter 

¢ Qutput ripple current filter 


For Figures 
1&2 


«Amy. Pin Dia. (2 Pcs, 


Specifications subject to change without notice. 
ae 
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CORPORATION 


.050 


197 Pin Dia. (2 Pics.) 


SPECIFICATIONS 
Energy Mechanical Outline 


Inductance Current DCR Storage Dimensions: inches/mm 
Typical DCI Max. Max. ETop (J) 
(pH) (Amps) (Ohms) (V-Sec) Min. 


HM13-05001 
HM13-10001 
HM13-20001 
HM13-05002 


HM13-10002 


HM13-20002 


HM13-05003 


HM13-10003 


HM13-20003 
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CORPORATION 


MODE. SERIES tniS 


Low Power Inductors 


Encapsulated 


ELECTRICAL/MECHANICAL/ENVIRONMENTAL 


¢ Standard Inductance values Insulation Resistance Minimum 100 Megohms 
¢ Standard packages (vertical & low profile) Operating Temperature Range -25°C to +105°C 
¢ Encapsulated for product integrity Temperature Rise, Maximum 40°C 


e Custom designs available 


APPLICATIONS 


¢ Switch mode power supplies For Figures 

e Differential EMI filters 1&2 

e Qutput energy storage inductors in buck and boost 
type converters 


Specifications subject to change without notice. 
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CORPORATION 


BOTTOM VIEW 


SPECIFICATIONS 


inductance Max. Current Resistance 
Typical @40'C rise DC Max. 


Model (WH) (Amps DC) (Q) 


HM15-10150 150 1.70 36 
HM15-10220 220 1.50 38 
HM15-10330 330 1.00 14 
HM15-10470 470 0.90 
HM15-10680 680 0.85 
HM15-10820 820 0.75 
HM15-11000 1,000 0.50 
HM15-20150 150 1.70 
HM15-20220 220 1.50 
HM15-20330 330 1.00 
HM15-20470 470 0.90 
HM15-20680 680 0.85 
HM15-20820 820 0.75 
HM15-21000 1,000 0.50 
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MODEL SERIES HM18 


Common-Mode Choke 


EE Style 


e Ferrite cores for high flux density 


¢ Complies with UL, VDE safety requirements 
e Low temperature rise 
e Compact construction 


e Varnish impregnation and conveyor ovens to 
ensure highest quality 


APPLICATIONS 


e Switching power supply 

e Common mode EMI filter 

e Office equipment 

e Video and audio equipment 


990+ .010 
13.97+0.25 


Specifications subject to change without notice. 
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CORPORATION 


+ 750+ .010 
19.05+0.25 


6-23 


ELECTRICAL/MECHANICAL/ENVIRONMENTAL 


120/250 V Max. 
Insulation Resistance Minimum 100 Megohms 
Insulation System Class B, 130°C 
Temperature Rise, Maximum 40°C 


Voltage Rating 


For Figures 
1,2,3,&4 


BOTTOM VIEW 


Model Series HM18 


FIGURE 3 AND 4 (Inch/mm) 


413.010 807+.010 Le 
10.5+0.25 20.5+0.25 


ee 


.500+ .010 | 
12.7+0.25 720+ .010 
(1) a 


FIGURE 3 FIGURE 4 


wi 
iq 
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SPECIFICATIONS 


Current Rating 
@40°C rise 


(Amps) 


Model 


HM18-20001 
HM18-20002 
HM18-20003 
HM18-20004 
HM18-20005 
HM18-10001 
HM18-10002 
HM18-10003 
HM18-10004 
HM18-10005 
HM18-30001 
HM18-30002 
HM18-30003 
HM18-30004 
HM18-30005 
HM18-40001 
HM18-40002 
HM18-40003 
HM18-40004 
HM18-40005 


* Nom. bare wire diameter 


51 technologi 


1.0 


16 
rae 
2.9 
3.0 
1.0 
1.5 
2.0 
2.9 
3.0 
2.0 


2.9 
3.0 
3.9 


Inductance 
10KHz 


Min. (mH) 


19 
8.5 
6.2 
3.9 
2.2 
15 
8.5 
6.2 
3.9 
Va 


4.0 
2.0 
20) 
3.0 
3.9 
4.0 


Resistance DC 


Max. (Ohms) 


0.60 
0.34 
0.24 
0.15 
0.09 
0.60 
0.34 
0.24 
0.15 
0.09 
0.85 
0.30 
0.21 
0.13 
0.07 
0.60 
0.25 
0.15 
0.09 
0.05 


Wire Guage 
AWG (mm)* 


26 (0.40) 
25 (0.45) 
24 (0.51) 
23 (0.57) 
22 (0.64) 
26 (0.40) 
25 (0.45) 
24 (0.51) 
23 (0.57) 
22 (0.64) 
24 (0.51) 
23 (0.57) 
22 (0.64) 
21 (0.72) 
20 (0.81) 
24 (0.51) 
23 (0.57) 
22 (0.64) 
21 (0.72) 
20 (0.81) 


Model Series HM18 


Sf) HS, By, Bl, WC] CO! W/W] CWC] CH] |] mF ms | HS | MHF PO! PO! POS! PO 
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CORPORATION 


MODEL SERIES HM19 


Common-Mode Choke 


Toroid Style 


APPLICATIONS 


e Ferrite cores for high flux density e Switching power supply 

e Complies with UL, VDE safety requirements e Common mode EMI filter 

e Low temperature rise e Office equipment 

e Compact construction e Video and audio equipment 


e Varnish impregnation and conveyor ovens to 
ensure highest quality 
e Custom designs available 


Varnish ( 
ELECTRICAL/ENVIRONMENTAL impregnation Wy, j \\ WN 
———s 


Voltage Rating 120/250 V Max. 

Insulation Resistance Minimum 100 Megohms — 
Insulation System Class B, 130°C SF Core 
Temperature Rise, Maximum 40°C 


00+.010 BOTTOM VIEW SCHEMATIC 
10.15+0.25 


Specifications subject to change without notice. 
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CORPORATION 


»? 


= = 
G7 SS | 4) 
, EW ; | 
Rio 


BOTTOM VIEW SCHEMATIC 


900+.010 | | 
22,860.25 


SPECIFICATIONS 


Current Rating Inductance 
@40°C rise 1KHz Resistance DC Wire Guage 
(Amps) Min (mH) Max. (Ohms) AWG (mm)* 


HM19-12010 
HM19-11816 


HM19-11808 
HM19-12003 
HM19-11904 
HM19-11901 
HM19-11702 


e Nom. bare wire diameter 
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MODEL HM28 


Common-Mode Choke 


Buckle Style Core 


OUTSTANDING FEATURES 


Compact size, large inductance 
Excellent frequency characteristic 
Low magnetic flux leakage 
Complies with UL, VDE safety requirements 


APPLICATIONS 7 


: ' ; | .030+.002 
e Switching power supplies —0.7640.05\. 
¢ Video and audio equipment male 
wills EU ae - _ _ 5104010, |_.157 .3904.010 
e Communications equipment and other electronic devices | 13.0+0.25 | 4.0  10.0+0.25 


ELECTRICAL/ENVIRONMENTAL 


Voltage Rating 120/250 V Max. 

Insulation Resistance, Minimum 100 Megohm ee en ae 
Insulation System Class B, 130°C 

Temperature Rise, Maximum 40°C FIGURE 2 


.030+.002 
0.76+0.05\. 
Dia. Typ. — 


a 


| 
eee 157 .390+.010 


~ 13.040.25 4.0  10.0+0.25 — 


Specifications subject to change without notice. 


7 | technologies 6-29 Model Series HM28 


CORPORATION 


OUTLINE DIMENSIONS (Inch/mm) 


FIGURE 3 


.830+.010 
21.0+0.25 


1 
.030+.002 | (2) 1) l 
0.76+0.05 | 
| .590+.010 f 
| 


Dia. Typ. " 15.0+0.25 


.030+.002 
~— 0.76+0.05 
Dia. Typ. 


| .390+.010 
| 10.0+0.25 


OUTLINE DIMENSIONS (Inch/mm) 


FIGURE 7 


Ne 


5.0 
Reinforcing Pin 
(Optional) 


i technologies 


.030+.002 
0.76+0.05 
Dia. Typ. 


.990+.010 
15.040.25 


CORPORATION 


FIGURE 4 


.940+.010 


24.0+0.25 


| .510+.010 
13.0+0.25 


6-30 


.030+.002 
0.76+0.05 
Dia. Typ. 


.790+.010 
20.0+40.25 


.030+.002 
(2) i L—  0.76+0.06 


.87 
22.0 
( 
Dia. Typ. 
.390+.010 
10.0£0.25 


Model Series HM28 


PERFORMANCE 


Impedance vs. Frequency 


001, 003, 005 


sii Sin Mt 


=e it Pasa an 
Za wees aif isa Smt 


INPEDANCE (K Q) 


0.01 0.03 O01 03 1 3 30 6100 


FREQUENCY (MHz) 


026, 029, 032 


ae as === oT 
ph 
‘aa ‘aati iret 


(ZA TINY ‘A WE 


INPEDANCE (K £2) 
INPEDANCE (K Q) 


0.01 0.03 0.1 


FREQUENCY (MHz) 
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012, 014, 016 


Sali amaat em 
oN al 


a Lbs 
aaneatit tT —5 
it vain i Ww 


TULA 
ae 


ms 


=a 
aan 
ero AH 
0.01003 Of 03 #71 8 


FREQUENCY (MHz) 


043, 046, 049 


A Ny 


Ate tt tins iat 


iii imi i 


Ht 
0. ‘Sr tt 


0.01 0.03 0.1 30 


FREQUENCY (MHz) 
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SPECIFICATIONS 


Current Inductance Resistance ig. Weight 
Rating at 1.0 KHz Max. (Ohms) (0z./Gm) 
(Amps AC) Min. (mH) 

HM28-20001 0.50 9 1.40 
HM28-20002 0.60 4.5 0.75 
HM28-20003 0.70 2.5 0.40 
HM28-20004 0.90 1.1 0.25 
HM28-20005 1.0 0.13 
HM28-24006 0.50 1.40 
HM28-24007 0.60 0.75 
HM28-24008 0.70 ; 0.40 
HM28-24009 0.90 , 0.25 
HM28-24010 1.0 0.13 
HM28-24011 0.50 2.70 
HM28-24012 0.60 1.60 
HM28-24013 0.70 0.75 
HM28-24014 0.90 0.50 
HM28-24015 1.0 0.34 
HM28-24016 1.50 0.25 
HM28-24017 2.0 0.20 
HM28-32018 0.50 2.70 
HM28-32019 0.60 1.60 
HM28-32020 0.70 0.75 
HM28-32021 0.90 0.50 
HM28-32022 1.0 0.34 
HM28-32023 1.50 0.29 
HM28-32024 2.0 0.20 
HM28-25025 0.50 2.60 


0.53/15 
0.53/15 
0.53/15 
0.53/15 
0.53/15 
0.53/15 
0.53/15 
0.53/15 
0.53/15 
0.53/15 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 
0.90/25 

1.4/40 


1 
1 
1 
1 
1 
2 
Z 
2 
2 
2 
| 
3 
| 
3 
| 
. 
3 
3) 
s) 
5 
bs) 
5 
4) 
is) 
4 
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CORPORATION 


SPECIFICATIONS 


Current Inductance Resistance Weight 
Rating at 1.0 KHz Max. (Ohms) (0z./Gm) 
(Amps AC) Min. (mH) 

HM28-25026 0.60 92 2.0 
HM28-25027 0.70 66 1.50 
HM28-25028 0.90 0.80 
HM28-25029 1.0 0.60 
HM28-25030 1.50 0.32 
HM28-25031 2.0 0.25 
HM28-25032 2.90 0.19 
HM28-25033 3.0 0.10 
HM28-35034 0.50 2.60 
HM28-35035 0.60 2.0 
HM28-35036 0.70 1.50 
HM28-35037 0.90 0.80 
HM28-35038 1.0 0.60 
HM28-35039 1.50 0.32 
HM28-35040 2.0 0.25 
HM28-35041 2.90 0.19 
HM28-35042 3.0 0.10 
HM28-42051 1.50 0.50 
HM28-42052 1.80 0.40 
HM28-42053 2.0 0.30 
HM28-42054 2.90 0.20 
HM28-42055 2.70 0.15 
HM28-42056 3.0 0.12 
HM28-42057 3.00 0.10 
HM28-42058 4.0 0.08 


= 
rT) 


1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
1.4/40 
2.//76 
2.//76 
2.7/76 
2.//76 
2.//76 
2.//76 
2.//76 
2.//76 


4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
i 
ri 
7 
ri 
7 
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MODEL SERIES HM3T 


Current Sense Transformer 


Encapsulated 


APPLICATIONS 


e Complies with VDE safety agency requirements e Switching power supply 
e Excellent temperature characteristics ¢ Designed to detect AC current and to supply the 
e Encapsulating technique used to ensure long output for control circuitry 
term reliability ¢ Appliances 
e Excellent linearity (current vs. output voltage) e Medical equipment 
e Custom designs available e Office equipment 


ELECTRICAL/ENVIRONMENTAL 


Insulation Resistance Minimum 100 Megohms 
Operating Temperature Range —25°C to +105°C 
Dielectric Withstanding Voltage 4.2 KV Pri to Sec 


Specifications subject to change without notice. 
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CORPORATION 


FIGURE 1 (Inch/mm) 


FIGURE 2 (Inch/mm) 


+ P — 

0.76+0.05 —— £90 . 

Solderable __ 50+. = 6.35 MEG Dia. 
Pin, Typical 640. ¥ ; 50+ .010 Solderable 
12.76+0.25 Pin, Typical 


(t} 2) 3) 


_ 50+.010 | 


(S) 
Leads1&2= 22 = 083 dia 


_ 030+ .002 ,; 
Leads 3, 4 & 5 = 30002 pia 
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SCHEMATIC A 


(1) 


io 


SCHEMATIC B 


SPECIFICATIONS 


HM31-10050 
HM31-10100 


Turns Ratiot1% 


Secondary 
Inductance 
@ 10 KHz 
(mH min.) 


(or +1 turn 
whichever 
is greater) 


Secondary 
DC Resistance 
(Ohms) Max. 


1:50 
1:100 


(3) 


SCHEMATIC C 


Schematic 


Fig. 


SCHEMATIC D 


Current (Amp) 
1 Turn 
Primary 


Secondary 
(V-yS) max. 


HM31-20050ss(iéd5}0ti ‘<taiai‘éi‘cOw!}]}]}]}]6hlUlhmlUlUm Bl 880 OO 


HM31-20100 
HM31-20200 
HM31-21050 
HM31-21100 
HM31-21200 
HM31-30050 
HM31-30100 
HM31-30200 
HM31-30300 
HM31-31050 
HM31-31100 
HM31-31200 
HM31-31300 


5 technologies 


1:50 
1:100 
1:200 

Tie0i20 
1:50:50 
1:100:100 

1:50 
1:100 
1:200 
1:300 

1:25:25 
1:50:50 
1:100:100 
1:150:150 
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O/C DD YS YY] YO] YD! | W/W] w| Y| \& 


CO] DW] CO] CG} CW] CW] CG! CW] PS] PS} PSO] PS|] PS} P| | 
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MODEL SERIES HM32 


Current Sense 


Transformer 


¢ Cost effective design 

e Complies with VDE safety requirements 

e Excellent temperature characteristics 

e Designed for switching supply applications 

e Excellent linearity (current vs. output voltage) 
e Custom designs available 


APPLICATIONS 


e Switching power supply 


e Designed to detect AC currents and to supply the 3.6 
output for control circuitry | _ _ i 
e Appliance 17.78+0.25 


e Medical equipment 
e Office equipment 


ELECTRICAL/ENVIRONMENTAL 


ae Sq. Typical 


Insulation Resistance Minimum 100 Megohms 
Operating Temperature Range —25°C to +105°C 
Insulation System Class B, 130°C 


Specifications subject to change without notice. 


For Figures: 
1,2 
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CORPORATION 


BOTTOM VIEW: 


SPECIFICATIONS 


Secondary at 
10KHz Secondary DC Primary 
Inductance Resistance Maximum Secondary 
Model Min (mH) (Q) Max Figure Amps Core Style (V-yS) Max. 


HM32-10010 0.2 0.2 3 toroid 67 
HM32-10050 9.0 0.7 toroid 330 
HM32-10100 20.0 1.4 toroid 660 
HM32-10200 85.0 4.5 toroid 

HM32-20050 9.0 0.7 toroid 330 
HM32-20100 20.0 1.4 toroid 660 
HM32-22100 20.0 1.4 toroid 660 
HM32-20200 85.0 4.5 toroid 
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MODEL SERIES HM33 


Surface Mount 
Current Sense 


Transformer 


APPLICATIONS 


e Surface mount design e Switching power supply 

¢ Compatible with surface mount process i (itit*” ¢ Design to detect AC current and to supply the 
temperatures output for control circuitry 

¢ Designed for switching supply applications e Appliance 

* Optimal performance at 250 KHz andabove ¢ Medical equipment 

e Three standard turns ratios e Office equipment 


e Custom designs available 


ELECTRICAL/ENVIRONMENTAL 


Insulation Resistance Minimum 10 Megohms 
Operating Temperature Range -25°C to +105°C 
Insulation System Class B, 130°C 


Specifications subject to change without notice. 
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CORPORATION 


SPECIFICATIONS 


Secondary 
Inductance Secondary DC Primary 
at 10KHz Resistance Maximum 
Model (WH Min) (Q2) Max Amps Color Code 


HM33-10070 980 4.75 Yellow 
HM33-10040 320 1.35 Blue 
HM33-10030 180 1.0 Red 


Electrical Specification at 25°C. 


OUTLINE DIMENSIONS (Inch/mm) 


.260 + .015 
6.6 + 0.38 


330 
85 Max, ——HH» 


| 
Copper Plate fm ad = 
Copper Plate io 


BOTTOM VIEW 


Pin 8 start of primary, pin 6 start of secondary. Pin8 
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MODEL SERIES HM41 


Gate Drive Transformer 
Toroid Style 
with Mounting Bracket 


e Switching power supply ¢ Complies with VDE safety requirements 
e Motor control circuit e Custom designs available 
© Office equipment ; 
e CRT display 
SCHEMATIC 14 SCHEMATIC 2 
Insulation Resistance, Minimum 100 Megohms 
Insulation System Tefzel Wire 
Temperature Rise, Maximum 40°C 
Current Rating 0.3 Amps 


SPECIFICATIONS 


Inductance Leakage* 
Turns 1V rms 10KHz Inductance DCR DCR ET 
+0 Term 1-6 Term 3-4 Term 1-6 Term 3-4 Term 1-6 


Model N1:N2:N3 mH(Min.) WH(Max.) Ohms(Max.) Ohms(Max.)  V-pS(Max.) Schematic 
HM41-10812 —-8:8:12 0.138 0.3 0.060 0.097 52 
HM41-21010 10:10 0.216 0.3 0.064 0.064 
HM41-11010 10:10:10 0.216 0.3 0.064 0.064 
HM41-11210 12:12:10 0.310 0.3 0.077 0.072 
HM41-11410 14:14:10 0.420 0.3 0.090 0.072 
HM41-20105 10:15 0.216 0.3 0.064 0.100 
HM41-11510 15:15:10 0.480 0.3 0.100 0.072 
HM41-12010 20:20:10 0.860 0.3 0.138 0.072 
HM41-12020 20:20:20 0.860 0.3 0.156 0.156 


—/ —/ —1/ no]; — |} — | 4 !/ po] 


Specifications subject to change without notice. 
Electric Specifications at 25°C 
“Measured with Primary Shorted 
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OUTLINE DIMENSIONS (Inch/mm) 


is 010 =| = 390+ 010 
-g 7+0.25 8.89+ 0.25 
030+ .002 pj; 
./00+ .010 Ane Via. 
17. 7840.95 0.76+0.05 


Solderable 
Pin, Typical 
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MODEL 
HMS50 & HMS51 


Miniature Power Inductors 


APPLICATIONS OUTSTANDING FEATURES 


e Designed for use with: e Low DCR, high current 
Linear Technology models LT1073, LT1173 e High saturation flux density, optimum current 
National Semiconductor model LM2574 handling capability 
Unitrode model UC2575 ¢ Low cost | 

e Buck or boost, DC to DC power conversion ¢ Small size axial leads — 

e SCR and triac controls e Low temperature rise 

e EMI suppression e Wound ferrite design, insulated with pvc sleeve 


Output ripple current filters 


ELECTRICAL/ENVIRONMENTAL 


Inductance Range 3.9UH to 10,000UH (up to 18,000UH on HM 50) 
Standard Tolerance +10% 
Operating Temperature Range ee -55°C to +105°C 
Insulation System Class B, 130°C 


Specifications subject to change without notice. 
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ORDERING INFORMATION 


HM50 330 7 


Model Series Lo Inductance Tolerance 


J=5% 
Inductance Code —————___ K = 10% 


First 2 digits are significant. _ 920 
Last digit denotes the number al 
of trailing zeros. Values 

below 10uH, "R" denotes the 

decimal point. 


#20 GA Plated Leads 


[4 25 
me oe 75 Min. 


Typ. 


Model | AX |B 

Series | (in/mm) | (in/mm) 
HMS50 | .26/6.6 | .63/16.0 
HHMS1 | .46/11.7 | 1.0/25.4 
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SPECIFICATIONS 


Model Inductance Resistance Rated INCR 
Nominal DCR, Max. IDC IDC 
(WH) +10% (Ohms) (Amps) (Amps) 
(Note 1) (Note 2) (Note 3) 

HM50-3R9K 3.9 019 3.60 7.30 
HM50-4R7K 47 022 3.40 6.30 
HM50-5R6K 5.6 024 3.20 5.60 
HM50-6R8K 6.8 .026 3.10 5.30 
HM50-8R2K 8.2 028 3.00 4.50 
HM50-100K 10 033 2.80 4.10 
HM50-120K 12 037 2.60 3.60 
HM50-150K 15 .040 2.00 O00 
HM50-180K 18 044 2.40 3.00 
HM50-220K 22 .050 2.23 2d0 
HM50-270K 2i 056 2.10 2.50 
HM50-330K Bis: .076 1.81 2.20 
HM50-390K 39 094 1.63 2.00 
HM50-470K 47 109 1.51 1.80 
HM50-560K 56 .140 1.39 1.70 
HM50-680K 68 131 hal 1.50 
HM50-820K 82 152 1.30 1.40 
HM50-101K 100 .208 1.10 1.20 
HM50-121K 120 283 0.94 1.10 
HM50-151K 150 340 0.86 1.00 
HM50-181K 180 362 0.83 0.95 
HM50-221K 220 430 0.76 0.86 
HM50-271K 270 Dor 0.67 0.77 
HM50-331K 330 665 0.61 0.70 
HM50-391K 390 Ate 0.57 0.64 
HM50-471K 470 1.15 0.47 0.59 
HM50-561K 560 1.27 0.44 0.54 
HM50-681K 680 1.61 0.40 0.49 
HM50-821K 820 1.96 0.36 0.44 
HM50-102K 1000 2.30 0,33 0.40 
HM50-122K 1200 2.65 0.30 0.35 
HM50-152K 1500 3.45 0.27 0.33 
HM50-182K 1800 4.03 0.25 0.29 
HM50-222K 2200 4.48 0.23 . O2F 
HM50-272K 2700 5.40 0.21 0.24 
HM50-332K 3300 6.56 0.20 Q:22 
HM50-392K 3900 8.63 0.17 0.20 
HM50-472K 4700 9.66 0.16 0.18 
HM50-562K 5600 13.9 0.13 166 
HM50-682K 6800 16.3 0.12 A151 
HM50-822K 8200 20.8 0.11 136 
HM50-103K 10000 26.4 0.10 4125 
HM50-123K 12000 29.9 0.09 114 


Notes: 1. Inductance measured at 1KHz without DC current. 
2. The rated DC current is based on an approimate 20°C termperature rise. 
3. The incremental current (INCR 1) is the approximate current at which the inductance will be decreased by 5% from its initial (zero DC) value due to saturation. 
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SPECIFICATIONS (CONT’D) 


Model Inductance Resistance Rated INCR 
Nominal DCR, Max. IDC IDC 
(WH) +10% (Ohms) (Amps) (Amps) 
(Note 1) (Note 2) (Note 3) 

HM50-153K 15000 42.5 0.08 .098 
HM50-183K 18000 48.3 0.07 .091 
HM51-3R9K 3.9 .007 8.40 15.5 
HM51-4R7K 47 .008 7.90 13.9 
HM51-5R6K 5.6 011 6.70 12.6 
HM51-6R8K 6.8 011 6.70 11.6 
HM51-8R2K 8.2 013 6.20 9.89 
HM51-100K 10 017 5.40 8.70 
HM51-120K 12 019 5.10 8.21 
HM51-150K 15 022 4.70 7.34 
HM51-180K 18 023 4.70 6.64 
HM51-220K 22 .026 4.40 6.07 
HM51-270K ai 027 4.30 5.36 
HM51-330K 33 .032 4.00 4.82 
HM51-390K 39 033 3.90 4.36 
HM51-470K 47 .035 3.80 3.98 
HM51-560K 56 .037 3.70 3.66 
HM51-680K 68 .047 3.30 owl 
HM51-820K 82 .060 2.90 3.10 
HM51-101K 100 .090 2.30 2.19 
HM51-121K 120 113 2.10 2.54 
HM51-151K 150 129 2.00 2.22 
HM51-181K 180 .150 1.80 1.98 
HM51-221K 220 162 1.76 1.89 
HM51-271K 270 .208 1.55 1.63 
HM51-331K 330 212 1.53 1.5] 
HM51-391K 390 281 1.00 1.39 
HM51-471K 470 380 1.15 1.24 
HM51-561K 560 420 1.10 1.17 
HM51-681K 680 548 0.96 1.05 
HM51-821K 820 .655 0.87 0.97 
HM51-102K 1,000 844 0.77 0.87 
HM51-122K 1,200 1.04 0.70 0.79 
HM51-152K 1,500 1.18 0.65 0.70 
HM51-182K 1,800 1.56 O57 0.64 
HM51-222K 2,200 2.00 0.50 0.58 
HM51-272K 2,700 2.06 0.50 0.53 
HM51-332K 3,300 2.63 0.44 0.47 
HM51-392K 3,900 2.15 0.43 0.43 
HM51-472K 4,700 3.19 0.40 0.39 
HM51-562K 5,600 3.92 0.36 0.359 
HM51-682K 6,800 5.69 0.30 0.322 
HM51-822K 8,200 6.32 0.28 0.293 
HM51-103K 10,000 7.30 0.26 0.266 


Notes: 1. Inductance measured at 1KHz without DC current. 
2. The rated DC current is based on an approimate 20°C termperature rise. 
3. The incremental current (INCR 1) is the approximate current at which the inductance will be decreased by 5% from its initial (zero DC) value due to saturation. 
6 
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MODEL SERIES HM77 


Surface Mount Inductors 


OUTSTANDING FEATURES 


e High performance low core loss powder iron core for excellent high frequency application 
¢ Low profile, designed for machine placement 

e Compatible with vapor phase and infra-red reflow soldering 

e Custom designs available 


APPLICATIONS 


e Lap Top or Notebook Computers 
¢ DC / DC Converter in distributed power system 
e Output Ripple Current Filter 


ELECTRICAL / ENVIRONMENTAL 


Insulation Resistance Minimum 100 Megohms 
Operature Temperature Range -25°C to +130°C 
insulation System Class B, 130°C 
Temperature Rise, Maximum 50°C 


Specifications subject to change without notice. 
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ORDERING INFORMATION 


HM77 1000 1 T 


Tape & Reel 


Model Description 


1 ™ 
Model Series —————_— | Optional Package* 


Case Size 
1=SM1 
2=SM2 
3=SM3 
4=SM4 
5=SM5 
6=SM6 


* Standard packaging is Anti-Static tubes. 
An option of 13” tape and reel packaging 
can be ordered by adding a “TR” suffix 
to the Part Number. 


Recommended 
PCB Layout 


F 
+ .005 / 0.13 


+ .015/0.38 


1 


eo 
=u i TT 
| ne 


¥ 
‘ 
\_ a .005/ 0.13 _ — G 


Coplanarity measured at 4 points 


CASE 
SIZE A B C D E F G 


| 


SM 1 340/8.64 .340/8.64 .250/6.35 | .260/6.60  .330/8.38 | .270/6.86 — .060/1.52 


a 
SM 2 A40/11.18 | .435/11.05 .350/8.89 | .350/8.89 | .425/10.80 | .360/9.14 | .060/1.52 
— | | 


SM3 —.565/14.35 /560/14.22 .350/8.89 | .450/11.43 | .550/13.97 | .460/11.68 | .100/2.54 


SM 4 625/15.88 | .600/15.24 .360/9.14 | .500/12.70 | .580/14.73 | .510/12.95 | .100/2.54 
SM5 .125/18.40 /585/14.90 .340/8.64 | .610/15.50 580/14.73 .610/15.50  .100/2.54 


SM 6 .805/20.40 /.690/17.53 420/10.67 | .680/17.27 | .690/17.53 | .690/17.53 | .100/2.54 
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SPECIFICATIONS 


PART NUMBER 


HM77 - 10001 
HM77 - 20001 
HM77 - 30001 
HM77 - 40002 
HM77 - 50002 
HM/77 - 60002 
HM77 - 70002 
HM77 - 80003 


| 
| 
| 


(NOTE 1) 
1.01 
6.20 
17.60 
3.80 
9.40 
29.70 

114.00 
2.90 


OPERATING VALUES 


lye E TOP CASE 
AMPS = -V-MS_~—_—sSIZE 

(NOTE 2) 
3.40 0.532 
1.40 1.33 
1.00 2.40 
480 | 1.76 
280 | 270 
140 4.60 
094 ~~ 10.00 
8.00 177 


—  SM1 
SM 1 
SM 1 
SM 2 
SM 2 
SM 2 
SM 2 
SM 3 


CONTROL VALUES (NOTE 3) 


L w/0 DC 
Lo 
MH + 20% 
1.10 
7.00 
22.70 
5.20 
12.30 
35.30 
167.00 
3.80 


NOMINAL 
DCR 
M OHMS 
11.00 
60.30 
109.00 
14.80 
37.80 
141.00 
330.00 
7.20 


MAXIMUM 
DCR 
M OHMS 
12.50 
70.00 
125.00 
17.30 
43.40 
166.00 
380.00 
8.30 


| | 
| 9.10 


HM77 - 90003 
HM77 - 10003 
HM77 - 11003 
HM77 - 12003 
HM77 - 13003 
HM77 - 14004 
HM77 - 15004 
HM77 - 16004 


16.20 
58.10 
192.00 
383.00 
0.91 
1.32 
4.90 


5.40 2.51 
270 | 4.29 
1.30 7.83 

0.90 15.70 

0.72 23.50 

13.30 1.035 
11.50 1.33 


SM 3 | 
SM 3 
SM 3 
~ SM3 
| §M3 
SM 4 | 
SM 4 


7.90 
21.90 
73.00 
292.00 
672.00 
1.29 
2.10 


7.80 3.04 SM 4 


7.90 


14.30 
54.70 
233.00 
472.00 
~~ 750.00 
 - 4.56 
4.56 
10.50 


17.70 
63.00 
290.00 
960.00 
862.00 
5.70 
5.70 
12.40 


HM77 - 17004 
HM77 - 18004 


9.00 


~ 550 | 4.06 SM 4 


29.10 


| 270 6.90 SM 4 


14.00 


40.50 


19.30 
75.80 


22.30 
85.00 


as i en ee ee 


645.00 


HM77 - 19004 
HM77 - 20005 
HM77 - 21005 
HM77 - 22006 
HM77 - 23006 
HM77 - 24006 
HM77 - 25006 
HM77 - 26006 
HM77 - 27006 
HM77 - 28006 


Notes: 


~ 1070.00 


1.79 
2.90 
2.03 
3.50 
4.70 
9.30 
16.10 
50.00 


SM 4 
— SM5 
SM 5 
SM60 
— SM6 
SM6 
— SM6 
 SM6 
SM6 
 SM6 


0.74 36.50 
1090 1.83 
1.40 223 © 
13.00 3.30 
1240 3.13 
10.40 3.58 
7.20 4.92 
5.10 6.27 
2.60 10.50 
0.710 54.40 


1134.00 


2.80 
4.20 
2./0 
6.50 
8.40 
16.00 
25.90 
72.90 


1040.00 
9.68 
6.19 
5.60 
9.19 
7.18 

16.30 
30.30 
115.00 


1950.00 


~~ 4480.00 


1250.00 
6.90 
7.90 
6.80 
6.60 
8.30 

18.70 

32.00 
130.00 
1700.00 


(1) Inductance values are rated for an operating temperature range of -25°C to +130°C with rated DC current flowing and the operating ETop across the 


inductor. 


(2) ETop is the product of Ripple Voltage and the operating frequency is in Volt-Microseconds. 
(3) The control values of inductance are measured at the operating Flux Density equal or less than 10 Gauss and without DC current. 
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MODEL HMOO-93839 


Low Profile 


Dual-Output 


Surface Mount Inductor 


OUTSTANDING FEATURES 


¢ Low profile surface mount design 

Low loss, high efficiency 

Compatible with surface mount process temperatures 

Base material meets UL 94V-0O requirements 

Used in combination with Linear Technology switching regulator LTC 1149 


ELECTRICAL/ENVIRONMENTAL APPLICATION 


Insulation Resistance, Minimum 100 Megohm Notebook Computers 
Operating Temperature Range -25°C to +105°C 


Insulation System Class B, 130°C TYPICAL APPLICATION DIAGRAM 
SPECIFICATIONS 


Primary Inductance at 1.0 KHz (Strap Terminals 2 & 8) 7 
(1-7) | 17.4 WH +15% a oA 
Winding DC Resistance, Maximum 


(1-8), (2-7), (3-6) 20m Q 3.3 
Input Voltages | 8V to 24V “ee 
Output Power Combination of 3.3V and 5V loads, 
totalling of 17 watts or less 
Dielectric Breakdown Voltage 300V dc 


Specifications subject to change without notice. 
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1.024 + .004 
26.0 + 0.10 


jj 


RECOMMENDED PCB LAYOUT (Inch/mm) 


0.650 + .004 163+. 
16.52 +0.10 a : aos | 
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MODEL SERIES HMSO 
ISDN Series 


OUTSTANDING FEATURES 


e Excellent frequency behavior 

e Isolation voltage levels available for domestic and international safety standard 

e Designed to meet the CCITT 1.430 pulse waveform template and impedance mask requirements 
e Matched to IC Characteristics for easy selection 


APPLICATIONS 


¢ |solation transformers for ISDN networks, U-interface and S/ T interface 
e Provides isolation for the line card and the terminal from the line 


ELECTRICAL/ENVIRONMENTAL 


Insulation Resistance, Minimum 100 Megohms 
Operating Temperature Range 0°C to +85°C 
Storage Temperature Range -40°C to +100°C 


Standard: Tubes or Tray Pack 


Option: Tape & Reel (Available for SMD devices) 
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ELECTRICAL SPECIFICATIONS 


MA 


HM80 - 70004 1CT:2CT 


HM80 - 80005 1CT:2CT 


HM80 - 90009 1:1:4 


HM80 - 10011 1CT:2CT 


HM80 - 11004 1C0T:2.5CT 


HM80 - 12007 200151 


HM80 - 13006 0.66:0.66:1 


——— 


HM80 - 14003 yo Boa pa 


HM80 - 15013 1.6:1.6:1:1 


HM80 - 16012 1:1:10T 


Turns ratio, primaries to secondaries. 

Maximum permissible DC current in the primary winding(s). The primary winding is defined as the 
winding at the line side. 

Inductance of primary winding(s) (connected in series). 

Leakage inductance of primary winding(s) with secondary winding(s) short circuited. 

Resistance of primary winding(s) (connected in series). 

Resistance of secondary winding(s) (connected in series). 

Breakdown voltage between primary and secondary. 
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TRANSFORMER CROSS REFERENCE FOR IC CHIPS 


T 7264 AT&T U 

TP 3410 NATIONAL U 

AM 2080 / 2081 / 2085, AM 79C30A / 79C32A AM 
PEB 2090 / 2091 SIEMENS 
AM 20902 / AM 2091 AMD 
MTC 2071 MIETEC 


SIEMENS HM80 - 15013 


TP 3420 / 3421 
ST 5420 

MT 8930 

MTC 2072 

MT 8971 / 8972 
29053 


S 
S 
S 
S 
S 
S 
T 7250 / T 7252 S 
S 


/T 
T 
7 
/T 
iT 
U 

7 
/T 
/T 


T 7262 / T 7263 


U 
U 
U 
TP 3410 U 
U 


PEB 2090 / 2091 


AM 20902 / 2091 MD HM80 - 15013 


MC 145472 MOTOROLA HM80 - 16012 
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Figure 1 


an N © 


300+.010 |. 
7.624.254 


Figure 2 


1 


Terminal 1 


Index 
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) 


Figure 4 


L_| | 


L .100 + .005 
2.04 + .127 


Figure 5 


100 + .005 
2.54+ 127 
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OUTLINE DIMENSIONS (Inch/mm) 


Figure 6 


YT | tT TAT | 

IER @/ANOd 

CSS 
| } jf} | 7 

.100 + .005 

2.54 + .127 


Figure 7 


800 + .015 
20.32 + 381 


045 x .020 + .005 5 
1.14x5.08+.127 
150 


3.81 Typ. 


Figure 8 


iT | fechnologies 6-60 Model Series HM8O 


CORPORATION 


OUTLINE DIMENSIONS (Inch/mm) 


Figure 9 


Figure 10 


50 


12.70 
Max. 


032 + .005 


813 + .127 


: 


028 + .005 
VE ter 


' 
—~— 


Figure 11 


032 + .005 spss 
813 + 127 Bee 
ft | 254+ .254 


_——e 
f-E-H-ot 


028 + .005 a 580 +.015 
711+ .127 14.73 + 381 


' 
>~— 


iT | technologies 6-61 Model Series HM8O 


OUTLINE DIMENSIONS (Inch/mm) 


Figure 12 


[ .100 + .00 
2.54 + .127 


Figure 13 


Figure 14 


800 + .015 
20.32 + 381 


045 x .020 + .005 
114x5.08+.127 2” 
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CUSTOM MAGNETIC 
CAPABILITIES 


Please refer to product capability matrix in this 
section for a more complete capability profile. 


We work closely with many world class ferrite and 
bobbin suppliers to meet uncommon, as well as 
common, customer requirements. 


To initiate a request, either contact your local BI 
representative or complete the custom magnetics 
request form and fax to BI magnetics marketing at 
(714) 447-2701. 
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Application Notes 


Magnetics 


Determining L ni, for 


Buck/Boost Converters 66 to 75 


APPLICATION NOTES 


magnetizing force, which in turn is a function of the 
current through the coil. However, for the purposes 
of calculating Luin, the effect is not significant if 
operation is constrained to the nearly linear portion of 


the B-H curve as explained in the next few sections. 


B-H (HYSTERESIS EFFECTS): Fig. | shows the 
familiar B-H hysteresis loop of a typical 
ferromagnetic core material. When a magnetizing 
force, H, (proportional to NI) is first applied, the flux 
density, B, changes ina fairly linear fashion along the 
path o-a. Further increase of H, however, fails to 
increase B at the same rate because the material 
saturates, i.e., the material becomes fully magnetized. 


This is indicated in Fig. 1 as Bsart- 


B (gauss) 


it ae No flux + inkapes for cach ampere of 
1e coil. Induetanee is, by definition. 


H (oersteds) 


FIGURE 1. B-H Loop 


The ratio of B to H is the permeability, LL, of the core 
material; and the slope of line o-a is referred to as the 
initial permeability. When the magnetizing force is 
returned to zero, the flux density does not retrace 
along a-o, but instead, follows a different path to point 
b, which is called the residual flux density, Br. This 
occurs because the core material inherently has 
memory which retains magnetic information. At this 
point a negative value of H, called the coercive force, 
Hc, must be applied to return B to zero. If the 
magnetizing force is increased further in the negative 


direction, the flux density will move to point c. 


APPLICATION NOTES 


sectional area of the Magnetic path and inversely 
Proportional to the length of the path (including air- 
gap if present). 


Since the incremental permeability changes as a 
function of operating point, it follows from equation 
(4) that the inductance also changes. In forward type 
converters, however, the minimum inductance is 
selected (by design) to be of such value as to ensure 
that the AC component of current through the 
inductor, referred to as the inductor ripple 


his iscalledthe 


Sse Current, is normally only 10% to 20% of the average 


nd the co, Tes inductor current. This results in a relatively small 
permeability, which js the slope of the B-H curve at minor B-H loop with a fairly constant slope, thus, the 
the instantaneous point of operation, is the  . value of inductance can be considered constant over 


_ incremental permeability, .B, the complete AC current variation, as long as the 
_ _ Fig. | and Fig. 2, the increm 


_ of rapidly as the flux density approaches Boay _ below Bear. 


eab is average flux density is maintained sufficiently 


ENERGY STORAGE IN AN INDUCTOR: An 
B (gauss) alternative definition of inductance states that itisa 
measure of the ability of an inductor to store energy in 
a Magnetic field. It is important to emphasize that an 
inductive device Stores energy as Opposed to 
dissipating energy. It is this property of inductors that 
makes them ideal for use in feed-forward type 
converters. The total energy input, W_, in joules is 


H (orsteds) 


directly proportional to the square of the final Current 
in amperes, and the factor of Proportionality is L/2, 
where L is in henrys. Expressed as an equation: 


WL = 1/2 LI, Joules (5) 


Actually, there are energy losses which prevent 100% 
of the input energy from being stored and ultimately 
transferred to an output. The energy required to 
magnetize the core (referred to as hysteresis loss) and 
eddy current loss in the core, itself, make up the so- 
called core losses. Also contributing are the Copper 
losses, i.e., energy dissipated in the coi] as a result of 
the coils DC resistance and the frequency dependent 
skin-effect resistance. 


APPLICATION NOTES 


the ripple current. Since the load current, Ipc, 1s 
constant (for a given Vo and load resistance, R), it is 
apparent that the capacitor, C, is “absorbing” the 
variations in I, , acting as a current sink for the 
inductor during the time interval, x-y, and a current 
source for the load during y-z. The larger the value of 
C, the lower will be the output ripple voltage. 


SWITCH ON AND OFF TIMES: In order to 
determine a minimum required inductance value, it is 
necessary to calculate the period of time during which 
energy is either added to or transferred from the 
inductor. In addition the following circuit parameters 
must be known: 

a) Power supply switching frequency, F 

b) DC supply voltage, Eqy 

c) Output voltage, Vo 

d) Output current, Ipc 


Referring to Fig. 4c, since both T1 and T2 are 
normally short compared to the time constant 
associated with L, the slopes of the current vs. 

time waveform can be considered straight lines. Thus, 
di/dt in equation (3) can be replaced by AI, /T1 during 
the “on” time and by AI, /T2 during the “off” time. 


FIGURE 3. Buck Circuit 
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FIGURE 4. Buck Circuit Waveforms 


DETERMINING INDUCTOR RIPPLE CURRENT: 
Since F is constant, equation (9) shows that T1 (and 
consequently T2) is dependent only on the DC input 
and output voltages. Thus, for a given Vo, as long as 
Ey remains unchanged, the peak-to-peak ripple 
current, Al; , will remain constant regardless of the 
value of I, (AVG) which, for a Buck type converter, 
equals the output current. As seen in Fig. 4d, as Ipc 
decreases, a point is reached where the current 
through the inductor just reaches zero. A further 
decrease in IDC results in “discontinuous operation” 
of the converter. Although it is possible to operate in 
discontinuous mode, such operation places more 
stringent criteria on the design of the power supply. 
For this reason Al, is normally chosen to be no more 
than twice the minimum value of the current through 
the inductor - which in turn is normally chosen to be 
10% to 20% of the maximum inductor current; and 


FIGURE 5. Non-Symmetrical Flux Swing 


EQUATION FOR Emin‘ Fig. 4c shows that for a 
given inductor ripple current and a given output volt- 
age, the largest value of Lyn (required to ensure 
continuous converter operation at minimum Ipc) will 
occur when T2 is maximum and, consequently, when 
T1 is minimum. As seen from equation (9), T1 will 
be minimum when Ej is maximum. Once T1 and 
Al, are known, an expression for the minimum 
inductance can be derived using equation (6): 


Lyin = (En (MAX) al Vo = 0.5) Tl in /Ay, (10) 


VOLT-SECONDS DEFINED: The numerator of 
equation (10) is the volt-seconds of the inductor, 
commonly referred to simply as the “ET.” Most 
manufacturers of switching type magnetic 
components provide a maximum ET as well as a 
nominal inductance value for inductors designed for 
energy storage applications. Knowing these 
parameters, equation (10) can be used for a Buck 
converter to determine the peak AC current that the 


inductor can safely handle without core saturation. 


Equation (8) and Fig. 4b show that the ET’s during 
both T1 and T2 are equal. If this were not the case, 


the core would not “reset” during each cycle, Le., the 
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CALCULATING MINIMUM 


INDUCTANCE For A BOOST TYPE 
CONVERTER 


CIRCUIT ANALYsiIs: The analysis for the Boost 
converter is similar to that for the Buck with one basic 
difference, As seen in Fig. 6, the current through the 
inductor does not flow continuously to the Output as in 
the Buck converter. Instead, during T1 (SWon), the 
Output end of the inductor is Switched (essentially) to 
ground, and diode, D, is reversed biased. Thus, 
during T1, the entire Output current must be Supplied 
by the output Capacitor, C. During T2 (SWopp), the 
Output end of the inductor SWINgS positive, the diode 
becomes forward biased, and a Positive output Voltage 
is produced. The actual value of Vo is determined by 
the relative on/off times of SW. As seen in Fig. 7b, 
Vo must exceed Eq in order for the average voltage 
across L to equal zero as required. 


SWITCH ON AND OFF TIMES: Since the 


average voltage across the inductor must be zero, 
Fig. 7b gives: 


(Ew = Vow) Tl = (Vo zo Vp = Ew) T2 (1 1) 


FIGURE 6. Boost Circuit 
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FIGURE 7. Boost Circuit Waveforms 


And:I, (AVG) = 1.05 (Vo + 0.5) Ipc / EI (14) 


Assuming a Aly, at twice the minimum I, and a 


minimum I, at P% of IL (avG) gives for the inductor 


peak-to-peak ripple current, Aly : 


Aly = 2 (P / 100) I (AVG) (15) 


Since the largest Lyn OCCUTS when AI, is minimum 
(i.e., the larger the L, the lower the ripple current), 
the maximum value of Ejy must be used in equation 


(14) when calculating I, (ava): 


The minimum DC output current corresponding to 
the Al, in equation (15) can be found simply by 
solving equation (14) for Ipc using Aly / 2 as the 
value for I, (AvG) ~ again, using Eqn (MAX) for the 


input voltage. Thus, the minimum output current that 


can be drawn from the power supply while just 
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BOOST CONVERTER DESIGN SAMPLES: The 
following are calculations of the minimum inductance 
for two Boost type converters: 

Example Number 1: 


Input Voltage oo... cccccccceceeccee. 12V to+ 15V 
Output Voltage wo. cccccceccccec 24V 


Switching Frequency .0.....0..0.0000...50 KH, 
Max DC Output Current................1.5 Amps 
Min DC Output Current ................Not Specified 


Assume a maximum inductor ripple current of 12.5% 


of TL (ava) 
From (12): T1 yn = (24 - 15 + 0.5) / 50000 © 24 
= 7.92 seconds 


= 2.57 Amps 


From (15): Aly =2 0.125 © 2.57 = 0.643 Amps 


From (20): Lygy = (15 - 0.5) (7.92 1 10-5) / 0,643 
= 179 ithenrys 


The minimum DC output current corresponding to a 
AI, of 0.643 Amps is: 


From (16): Ip¢ (MIN) = 9.643 © 15 / [2.1 (24 + 0.5)] 
= 0.19 Amps 
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decreases back to I, gyn). Since the average input 
current during T1 is simply I, (ave), and during T2 is 
zero, the average input current Over a complete 


period is: 


¢ T1/(T1+T2) =F Tl] * ly ave) 
(21) 


From Fig. 9b and equation (21) it is now possible to 
write an expression for Power-In equal to Power-Out 


Iqn (AVG) = IL (AVG) 


which involves I, (avo): 
Ew eFeTle I. (AVG) = 1.05 (Vo v 0.5) Ipc (22) 


where, again, the 0.5 accounts for the diode drop 
and the 1.05 compensates for typical core and 


circuit losses. 


FIGURE 9. Buck-Boost Circuit Waveforms 
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EQUATION FOR Lyin: As seen from equation 
(25), T1 is minimum and T2 is maximum (which 
corresponds to the largest Lyqyy) when Ej is 
maximum, thus: 


Luin = (Eqn (Max) - 9-5) Tl yn / Aly (29) 


Buck-Boost Converter Design Example: The 
following is a design of the minimum required 
inductance for a Buck-Boost converter with the 
following specifications: 


Input Voltage .........cccecceeeeeeeeeees +15V to +20V 

Output Voltage ........ eee eeeeeee -12V 

Switching Frequency ............0.0c0.. 40KH, 

Max DC Output Current........0..00..... 0.75 Amp 

Assume a minimum ripple current of 12.5% 

of TL (ava) 

From (25): T1 = 12.5 / 40000 (20 + 12) = 9.77 
Luseconds 


From (23): IL(AVG) = 1.05 ¢ 12.5 °0.75/ (20 ¢ 40000 
© 9.77 © 10-5) = 1.26 Amps 


From (26): Aly = 20.125 © 1.26 = 0.315 Amps 


Thus, from (29): Lyn = (20 - 0.5) (9.77 © 10°) / 
0.315 = 605 uhenrys. 
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_ 4 PRODUCT 


DESCRIPTION TYPICAL ASSEMBLY 


Military Hybrids: 
165-XXXX Custom Microcircuit Epoxy mounted chip and wire 


hee 
Commercial Hybrids: 


143-XXXX Custom Sub-Assembly Surface mount components 


———— eee 
Power Modules: 


170-XXXX Custom Power Module Solder mount die/ 
Aluminum wire bond 

7700 High Power PFC Solder mount die/ 
Aluminum wire bond 

7710-X Medium Power PFC solder mount die/ 


Aluminum wire bond 


OPERATING 
TYPICAL PACKAGE TYPE TEMPERATURE RANGE 


Military Hybrids: 
165-XXXX 


Hermetic: KOVAR® or Ceramic -55° to 125°C 


Commercial Hybrids: 
143-XXXX 


Conformal coated or uncoated 0° to 70°C 


Power Modules: 


170-XXXX Encapsulated -40° to 125°C 
7700 Encapsulated -40° to 125°C 
7710-X Encapsulated -40° to 125°C 


adi ark of Westinghouse Electric Corp. 
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ADDITIONAL DESIGNS * 


DC Voltage Regulators 
801 Fixed output +9V to +21V 
802 Adjustable output +9V to +21V 
804 Adjustable output +20V to +32V 
805 Fixed output +3V to +9V 
806 Adjustable output +3V to +9V 
809 Fixed output +5V to +28V 
851 Fixed output -9V to -21V 
852 Adjustable output -9V to -21V 
856 Adjustable output -3V to -9V 
859 Fixed output -5V to -28V 


Power Amplifiers 
822 Unity gain power amp 40Mhz 
823 Unity gain power amp 4Mhz 


* The products featured on this page are not recommended for new designs. Consult factory for other products in this series. 
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GLOSSARY 


An electronic component such as an IC, transistor, or diode. 

The trimming of a circuit element (resistor) to obtain a specific functional 

— output. 

Aluminum Oxide. The primary compound in Alumina (ceramic) substrates. 

~ Acircuit, comprised of linear components, that provides a linear function. 

. An electrical interconnection, i.e., wire bond. 

Subjecting a part to electrical bias or load at elevated temperature for a 
specific period of time in order to promote failure of marginal devices. 
Hybrid package enclosure consisting of an inorganic, nonmetallic material 
such as alumina. 

A package constructed with a substrate base, a glass attached frame, and a 
metalized ring for lid attachment; a low cost method for achieving hermeticity. 
The uncased and normally leadless form of an electronic component. 

A hybrid assembly technology employing face-up wire bonded chip devices. 
A manufacturing area where the air is filtered to remove dust particles. 
Process of firing conductor and ceramic package elements at the same time to 
yield a package with no glass feedthroughs for leads. 

A thin nonconductive coating, such as plastic, applied to a circuit for 
protection. 

The testing of the integrity of the attachment of components of a hybrid by 
spinning the unit at high speed to impart high g force on to the components. 
Uncased component obtained from a semiconductor wafer (see chip). 

» Acircuit design consisting primarily of digital ICs. 

Sealing or covering an element or circuit for environmental protection. 

A method of die attach where an intermetallic bond is formed between the 
back of the die and the circuit pad metalization to achieve an electrical 
interconnect, without the use of solder or epoxy. 

The analysis of a circuit to determine the reason for failure. 

Layer or coating of thin or thick material used to form various elements, 
interconnections, or insulation. 

The act of heating a thick-film circuit so that the film will develop its final 
properties. 

A microcircuit package having its leads extending from the sides and parallel 
to the base, often used to achieve surface mountability. 

A method of mounting chips (ICs) without using wire bonds. 

A method of semiconductor passivation by coating the element with a 
pyrolytic glass deposition. 

The base of a hybrid package that holds the leads. 

Sealed so as to be gas-tight. 

A microcircuit on an insulating substrate that consists of an assembly of 
various components and technologies including screened resistors, capacitors, 
and various integrated circuits. 


GLOSSARY 


Synonymous with “composition” and “paste” when relating to screenable 
thick-film materials. 

A multiple of transistors interconnected on a semiconductor. 

Adjustment of a film resistor (increasing value) using a laser to remove 
material. 

One of several films in a multiple fire structure on a substrate. 

A drawing depicting components and interconnection, used to generate 
artwork or masks for substrate metalization. 

Leadless Chip Carrier, a package type. 

Metallic pins attached to the edge of a substrate to electrically interconnect the 
hybrid to the next level of assembly. 

A package integrity check used to evaluate the hermeticity level; i.e. fine leak, 
gross leak. 

A test of a component under load over the rated life of the device, usually 
performed at elevated temperature. 

A film pattern of conductive material deposited on a substrate. 

Multi-Chip Module. A hybrid microcircuit comprised of mostly digital 
circuitry. 

A small circuit (hybrid or monolithic) having a relatively high circuit density, 
which Is considered as a single part with a single substrate to perform an 
electronic circuit function. (This excludes PC boards and modules composed 
exclusively of discrete electronic parts.) 

The container for an electronic component(s) with terminals to provide 
electrical access. 

An insulating layer directly over a circuit or element to protect the surface 
from contaminants such as moisture or loose particles. 

Elements such as resistors, capacitors, and inductors. 

See Ink. 

Percent Defect Allowable. Maximum yield loss allowed before the complete 
lot of parts become suspect. 

A microcircuit package with leads on one surface so that the part can be 
“plugged in” to a socket or through-hole board. 

Encapsulation of a circuit using a polymeric material. 

Power expended in the form of heat from within a device. 

The ratio of actual power to perceived power in an AC signal. 

Squares of epoxy or solder punched out of a sheet and used in manufacturing. 
Solder placement such as a screening operation that is subsequently followed 
by a reflow operation. 

Diagram of an electronic circuit showing all components and interconnect. 
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GLOSSARY 


The application of a circuit pattern onto a substrate using screen printing 
techniques. 

The subjection of a device to various environmental conditions and tests, to 
eliminate marginal devices. 

The material used as substrates for devices such as transistors, diodes, and 
integrated circuits. 

A scribed substrate that enables processing of multiple circuits that are latter 
Separated (or snapped). 

An insulative material affixed to the bottom of a package to give clearance or 
to prevent electrical shorting. 

The supporting material upon which the elements of a hybrid are deposited or 
attached. 

An environmental test where parts are subjected to a series of cycles 
alternating between low and high temperature extremes. 

The degree to which similar elements on the same circuit exhibit change of a 
parameter with respect to temperature change. 

A calculation to estimate the temperature rise of various elements in a 
microcircuit. 

Same as temperature cycling except that the rate of change of temperature is 
usually much more rapid. 

A film deposited by screen printing processes and fired at high temperature. 
A film deposited onto a substrate by deposition process such as sputtering or 
vacuum evaporation. 

See Active Trim, Laser Trim. 

The process of visual inspection of a hybrid assembly for defects. 

The ratio of usable units at the end of a manufacturing process to the number 


», of parts initially submitted. 
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MODEL 165=-XXXX 
Custom Hybrid 
Military Grade 


Microcircuit 


DESCRIPTION 


Hybrid microcircuits offer a reliable, cost effective 
alternative to larger and heavier circuit boards and to 
the costly design effort and implementation of a custom 
IC. Hybrids also offer the advantage of a much broader 
combination of components and resistor technologies. 
Generally, a circuit board schematic can be directly 
converted to hybrid technology with little or no change 
in component selection. 


The implementation of a custom hybrid requires a 
partnership between the customer and BI. A project 
engineer and a program manager work with you 
throughout the design and manufacturing cycle. 


BI specialist will assist in proper package and process 
selection to meet your environmental requirements. 
Our design engineers will develop a CAD layout design 
and the documents required for proper 
manufacturability. Our quality assurance personnel will 


e Fully customized circuit and package _ 


e Wide package variety 

e Thick film and thin film technology 

e MIL-STD-1772 certified 

e Reduced package size 

e Improved circuit performance 
e Improved reliability 
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develop appropriate inspection and qualification plans. 


Our hybrids consist of a ceramic substrate on which 
multiple layers of gold conductors, resistive inks and 
insulative materials are screened. Components are then 
epoxy mounted to the substrate. Semiconductors are 
wire bonded with gold and aluminum bonds. The 
Substrate is then placed into a package and affixed with 
an epoxy preform. The package is sealed, marked and 
Subjected to various environmental screens as required 
to meet customer specifications. All parts are 100% 
electrically tested over the operating temperature range 
using our custom automated test system. 


The microcircuit operation quality system is designed to 
meet 1S09001 and MIL-H-38534. BI is fully certified to 
MIL-STD-1772 and has been listed on QML-38534 
since 1989. 


TYPICAL APPLICATIONS 


e Analog signal conditioning 
e Instrumentation amplifier 
¢ Power amplifier 

e Data acquisition 

e Data convertors 

e Line driver/receiver 

e Analog switching 

e DC/DC convertor 


Model 165-XXXX 


Thick Film Resistors: 


Absolute Accuracy to 0.5% 

Temperature Coefficient of Resistance +50ppm/°C to +200ppm/°C 

Temperature Coefficient of Resistance Tracking +10ppm/°C 
Thin Film Resistors: 

Absolute Accuracy to 0.1% 

Temperature Coefficient of Resistance +5ppm/°C to +50ppm/°C 

Temperature Coefficient of Resistance Tracking +2ppm/°C_ 
Operating Temperature Range -99°C to +125°C 
Functional Trimming Circuit accuracies can be tightened on 


some parameters by performing active 
functional trimming on resistor elements 


COMPONENT TECHNOLOGIES 


Semiconductor Components All transistors & diodes in die form 
Integrated Circuits IC or ASIC in die form 
Capacitors Ceramic chip, tantalum chip and bondable MOS capacitors 
Other Components Wide range of components including inductors, transformers, crystals, etc 
Drertinsdiccscint tee N SS 
Substrate Alumina (beryllia also available) 
Interconnect Layers 1 to 6 
Interconnect Material Gold or palladium silver 
Die Attach Epoxy (solder, eutectic also available) 
Package Construction Metal with glass insulated feedthroughs and cofired ceramic 
oe a 
Package Size A wide variety of custom packaging from 0.25" to 3.0" ona side 
Package types Metal (seam weld), metal (solder seal), ceramic (Seam weld),ceramic 
(solder seal), ceramic (epoxy seal) and polymer encapsulated (PEP) 
Package configurations SIP, DIP, Plug-in (platform or sidewall),Planar (flatpack) and LCC 
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In-line QC 
Qualifications to MIL-STD-1772 


ORDERING INFORMATION 


During the proposal phase, a customer interface will be set up to develop and price alternate design approaches. 
A schematic with basic dimensional and environmental requirements are sufficient at this stage. 


ENVIRONMENTAL 


Environmental screens include, but are not limited to MIL-STD-883 such as: leak test, centrifuge, temperature cycling, 
burn-in and stabilization bake. 
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MODEL 170-XXXX 


Custom Power Modules 


DESCRIPTION 


Bl’s Custom Power Modules are designed to assemble all 
of your circuit's power components into one, easy to 
manage, package. Power modules offer a low cost 
method to improve the circuit density. These modules will 
also reduce the assembly labor by eliminating insulating 
pads and reducing the individual bolting of discreet power 
Semiconductors. BI offers power module designs that 

allow the module to be soldered to the circuit board at the 


Package Size: 


Same time as the other components, eliminating hand 
soldering operations. Power modules allow the use of a 
Simpler and less expensive heat sink. 


All the power components normally bolted to the heat sink 
Should be included in the custom module. Snubbers, gate 
resistors, FET drivers, temperature sensors and other 
Support circuitry can also be included. 


A wide variety of custom packaging from 0.3” to 4.0” ona side. 


Package (typical): 
Package configurations: 


Heat sink attachment and heat transfer. 


Ceramic substrate, typically copper clad to promote heat transfer. The base, 


with mounted components, is assembled into a custom frame and encapsulated. 


e Low cost custom modules 

¢ Reduced circuit size 

e Allows simplified heat sink 

e Soldering technique minimizes voids 
e Flexible package dimensions 
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TYPICAL APPLICATIONS 


e Power supply subassemblies 
e Motor driver 

¢ Power amplifier 

e H-Bridge 

e Bridge rectifier 

e Ganged power fets 


Model 170-XXXX 


semiconductor Components BJTs, FETs, Diodes, SCRs, IGBTs 
Capacitors Ceramic and tantalum 
Other Components Resistors, thermisters and various surface mount/solder mount components 
Oe ee) 
Substrate Alumina, beryllia, aluminum nitride, aluminum, copper 
Interconnect Layers 1 (crossover layers possible) 
Interconnect Material Copper 
Die Attach solder attached, aluminum & gold wire bonding 
Package Construction substrate base with plastic frame 


ENVIRONMENTAL 


Custom power modules are typically designed to operate over a temperature range of -55°C to +125°C. 
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MODEL 7700 


Power Factor Correction 


Power Module 


Model 7700 is designed to optimally facilitate a 20 Amp boost type power factor correction (PFC) system. 


e Allows power supply to meet requirements of IEC 555-2. 


e Reduces cost of heat sink. 
e Saves significant space and assembly time. 
e Custom versions available to meet specific 


requirements. 


¢ Module contains all power components necessary 
to build a power supply front end. 
- Rectifier bridge with SCRs for in rush current limiting 
- Ultra fast 24 Amp output diode 
- Temperature sensing switch 
- 500V .1Q FET 

¢ Provides optimum use of available line current. 


TYPICAL APPLICATION 


EMI Filter 


PFC PWM 
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ELECTRICAL CHARACTERISTICS 


Parameter Symbol Conditions’ Min ‘Typ Max _ Units 
Q1 (n-Channel Enhancement Mode FET) 
Drain Leakage Current lpss Vps = 900V, Ves = OV 1.0 mA 
On-State Voltage Vpsion Ips = 28A, Veg = 10V 2.6 2.8 V 
Threshold Voltage V@s(th) Vos = 4V, Ips = 1MA 2.0 3.0 4.0 V 
Gate Leakage Current lass Ves =+15V, Vos = OV +400 nA 
Diode Forward Voltage Vsp Is = 50A, Ves = OV 95 1.5 V 
Input Capacitance Cisg Ves = OV, Vps = 25V, f = 1.0MHz 12 nF 
Junction Temperature T; 150 °C 
Thermal Resistance Rthuc 0.25 °C/W 
SCR1 and SCR2 a 
Reverse Leakage Current = Ipoy Vrom = 600V 25 UA 
Forward Blocking Current — Irony Vesny = 600V 29 A 
Forward On Voltage Ve Ip = 25A, Ig = 60MA 1.3 1.6 V 
Gate Trigger Voltage Vet Va = 12V, Ry = 1002 1.4 2.0 V 
Gate Trigger Current leT Va = 12V, Ry = 100 40 60 mA 
Junction Temperature Tj 125 °C 
Thermal Resistance Rihuc 1.4 °C/W 
D1 and D2 (Standard Recovery) — | 
Reverse Leakage Current = Ip Vp = 600V 100 UA 
Forward Voltage Ve lp = 25A 1.0 lee V 
Temperature Junction T; 150 °C 
Thermal Resistance R+hJC 1.8 °C/W 
D3 (Ultra-Fast) . 
Reverse Leakage Current Ip Vp = 600V 290 A 
Forward Voltage Ve Ip = 24A 2.4 2.8 V 
Reverse Recovery Time try Ip = 1A, di/dt = SOA/ps 29 ns 
Temperature Junction T; 175 °C 
Thermal Resistance RthJC 1.0 °C/W 
U1 (Astec AS273-G1 Temperature Switch) : oe 
Reference Voltage Ver Rep = 2MA 2.000 2.925 2.550 V 
Load Regulation Vid 0.65mAsIperso.5mA 9) 10 mV 
Temperature Coefficient AVprg/AT 0.65mAsIpers5.5mA 79 ppm°C 
Saturation Voltage VoL lout = 4mA, Ty>Tot 200 400 mV 
Breakdown Voltage BV lout = 4HA, Ty<Tor 18 30 V 
Leakage Current loH Vout = 18V, Ty<Torz 1 1,000 nA 
Temperature Accuracy Tot 0.7MAsIpers1.3mA 87 90 93 °C 
Tot D) 1.55MAslIpers2.6mA 92 95 98 °C 
ToT(3) 3.0MAsIpers5.0mA 97 100 103 G 
Hysteresis HoT 7 10 13 °C 


1 - TCase = 25°C unless otherwise specified. 
Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 


3.050 Max. 


po Pin 50% 020 
14 Places 


@ 0.280 
— 0.150 


Y 
0.160 Ref. 


1 


Pin Designation 


Pin 1: AC1 


(13) 
Out Ref Pin 2: AC2 
aed Pin 3: Bridge Output 
aT Pin 4: SCR Gates 
Pin 5: Ground 
Pin 6: Ground 
Pin 7: FET Drain 
Pin 8: Ultra Fast Anode 
Pin 9: Ultra Fast Cathode 
Pin 10: Gate Ground 
Pin 11: Gate Drive 
Pin 12: Thermal Switch Ground 
Pin 13: Thermal Switch Vref 
Pin 14: Thermal Switch Voyt 


R3 
1.25 Ohms 
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APPLICATION NOTES (MODEL 7700) 


INDUCTOR L1 


The inductor value controls the amplitude of the 
100KHz current ripple. This can greatly effect the 
amount of distortion and thus the amount of EMI 
filtering required on the input. Ripple current can 

be calculated for any point along the input sine wave: 


- (ty = a a 


Where: DC(t)=1-Vyn(0/Vo, L is the inductance of 
L1, and f is the switching frequency. 


A good starting point would be to set Ip-p equal to 
20% of the 120 Hz peakcurrent, solving for L: 


., SxVwX (1 a ) 
7 PwX f 


OUTPUT CAPACITOR 


The output capacitor size is often limited by the line 
dropout requirements of the power supply: 


_ 2 X PourX ty 
0 MIN Vo _ VA ~. 
Where: Pout 18 ne output power, td 1s the dropout 
time, and Vo mIN is the minimum allowed output 
voltage. 


The 120Hz output voltage ripple can be calculated 
to insure it meets the system requirements: 


2xPy | 
Vonrim=( Vp x (<tc 7) 


The maximum rms 120Hz ripple current will be: 


1414xR 


RMS120—-.\; 
Vo 
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The high current levels require currrent sense 


transformers to maintain a reasonable efficiency. 
We recommend BI Technologies HM31-20200. 


PFC PWM VENDORS 


Popular sources are: Unitrode UC3854, Micro 
Linear ML48 12, and Linear Technology LT1248. 


THERMAL SWITCH 


This module uses a programmable solid state 
temperature sensing IC with an open collector output. 
Astec Semiconductor’s AS273 can be configured to 
shut down the supply when the temperature threshold 
is reached. The programming resistor and a .lyF 
ceramic capacitor should be located as close to the 
module as possible to eliminate any EMI problems. 
The AS273 can also be configured as a dual speed fan 
control, and as a three state temperature 

warning sensor. For more information contact 

Astec Semiconductor, 255 Sinclair Frontage 

Road, Milpitas CA 95035, Tel (408) 263-8300, 

Fax (408) 263-8340. 
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MODEL 7710-X 
Power Factor Correction 


Power Module 


Model 7710 is designed to optimally facilitate a boost type power factor correction (PFC) system, 
for designs from 500W through 1200W. 
e Module contains all power components necessary to build a power supply front end. 
- Rectifier bridge 
- Ultra fast output diode 
- 500V .1202 FET 
e Provides optimum use of available line current 
e Allows power supply to meet requirements of IEC 555-2 
e Reduces cost of heat sink 
e Saves significant Space and assembly time 
e Custom versions available to meet specific requirements 


TYPICAL APPLICATION 


EMI Filter 
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ELECTRICAL CHARACTERISTICS 


Parameter Symbol Conditions! 
Q1 (n-Channel Enhancement Mode FET) 


Drain Leakage Current lpss Vos = D00V, Ves = OV 


On-State Voltage Vos(on) lps = 14A, Veg = 10V 
lps = 217A, Ves = 10V 

Threshold Voltage Vesith) Vos = AV, lpg = 1MA 

Gate Leakage Current lass Ves = t19V, Vos = OV 


Diode Forward Voltage Is = 25A, Ves = OV 
Is = 38A, Veg = OV 
Input Capacitance Ves = OV, Vos = 25V, 
f = 1.0MHz 


Junction Temperature 
Thermal Resistance 


Diode Bridges 
Reverse Leadage Current 
Forward Voltage 
Junction Temperature 
Thermal Resistance 


Ultra-Fast Diode 
Reverse Leakage Current Ve = 600V 
Forward Voltage lp=15A 
Reverse Recovery Time I; = 1A, di/dt = 50A/ps 
Junction Temperature 
Thermal Resistance 


1 - Tease = 29°C unless otherwise specified. 
Specifications subject to change without notice. 
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OUTLINE DIMENSIONS (INCH) 


Date Code 


of 279 
F 


Cooling Area Model No. Designator 
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COMMERCIAL 
HYBRIDS 


BI Technologies’ commercial hybrids offer you a 
better approach to surface mounted electronic 
subassemblies. 


FEATURES 
¢ Low Cost Surface Mount Assembly 
¢ Chip on Board Capability 
¢ Reduced Board Size 
¢ Ceramic Board 
¢ Integral Thick Film Resistors 
¢ U.S. Design & Management 
¢ U.S. or Offshore Assembly 


¢ Versatile Lead Configuration customer assistance on new programs from the 
¢ Low Profile Outline proposal/estimate phase through development and into 
production. 
DESCRIPTION 
Whether you are upgrading your “through-hole” During the proposal phase, a customer interface will be 
circuit board to surface mount or developing a new set up to develop and price alternate design approaches. 
design, BI Technologies has the solution for you. During the development phase, a close working 


BI commercial hybrids can be used as subassemblies arrangement will be maintained through prototype 


; samples and into production. 
on a motherboard, or they can encompass your entire , P 


circuit. a 
Simply submit a circuit schematic to BI Marketing. 
Hybrid assemblies are being used in an increasing Dimensional constraints, critical components and 


number of applications. Our commercial hybrids are special requirements should also be supplied. BI will 


circuit boards based on ceramic material rather than produce a sizing estimate and costing workup to meet 
conventional Polymer materials. In small- to mid- your design goals. 
sized assemblies, ceramic substrates offer price- 


competitive solutions and many quality and design COMMITMENT 
advantages. BI is committed to servicing your needs. BI has been a 


Resistors are directly screened onto the substrate and dominant force in the commercial and military hybrid 


: microelectronics industry since its conception. Our 
other components are typically surface mounted. y P 


; ; ' reputation is built on over 25 years of proven reliabilit 
Chip and wire attachment is available for components P y P y 


and quality. BI’s Program Management, Engineering 
where required. A variety of lead frame , 
group and Quality Department are located in Fullerton, 


re availabl r IP’s, DIP’s, ; 
configurations are available to create S , California for ease of contact and interface. BI’s 


through hole, and surface mountable assemblies. domestic location is your window to global facilities. 


Glop topping or polymer encapsulation can be used to BI Fullerton can draw on multiple factory locations, 
protect components and proprietary designs. including Mexico, Scotland, Asia and Fullerton, to 


select the optimum resources for your assembly needs. 
IMPLEMENTATION 


BI has an experienced design team that provides 
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The Surface Mount Advantage... 


- Low cost, high quali 


Commercial Hybrid 


7-26 


51 technologies 


CERAMIC BOARD (A) 

Our hybrids use ceramic (alumina) substrates to 
achieve optimum size reduction and reliability. 
Ceramic substrates produce an environmentally 
superior product. The advantages of ceramic over 
polymer board construction include: better heat 
dissipation, elimination of blistering, minimal 
moisture absorption, reduced size and improved 
performance. For small-sized assemblies (up to 
approx. 2” x 2”), ceramic board construction is 
usually the low cost choice. Thick film conductors, 
typically Palladium silver or gold, as small as 5 mil 
wide, are screened onto the substrate. Multilayer 
construction of up to five metal layers is standard. 


PRECISION SCREENED RESISTORS (B) 

Thick film resistors are screened directly onto the 
substrate utilizing a wide range of resistor inks, 
yielding high precision at low cost. Our thick film 
resistors can be ratio matched to 0.1% with absolute 
tolerances of 0.5%. Thick film resistors can be 
located underneath surface mount devices, or 
screened onto the back of the substrate for increased 


circuit densities. 


INTERCONNECT FLEXIBILITY (C) 

Lead frames can be attached to accommodate a 
variety of interconnection requirements. Leads can 
be affixed to any or all edges of the substrate and can 
be configured for various mounting styles. 
Additionally, a wide variety of standard sockets can 
be attached to allow plug-in capability to your next 
level of assembly. 
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SURFACE MOUNT SEMICONDUCTORS (D) 

BI has experience with a wide range of surface 
mountable semiconductors in packaged 
configurations, including SOT, SO, SOL and PLCC. 
Our commercial hybrids will also accommodate 
semiconductor die attached and wire bonded directly 
to the substrate. This allows us to utilize ASICs and 
other semiconductors not currently offered in a surface 


mountable package. 


SURFACE MOUNT PASSIVE COMPONENTS (E) 

Ceramic and tantalum capacitors, chip inductors and 
resistor chips all lend themselves to surface mount 
assembly. Axial leaded components can be formed 


and mounted as well. 


ENCAPSULATION (F) 

Surface mount hybrids do not normally require 
encapsulation. However, encapsulation may be 
applied if desired for rigidity or for protection of 
proprietary circuit design. When chip and wire 
elements are used, these are generally individually 
‘“glob-topped”’ to provide protection for the device; the 
entire module may then be fully encapsulated. 


Commercial Hybrid 
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APPLICATION NOTES 


A resistive load will have a power factor of 1. The 
power factor for an inductive load will be less 1 
because the current will lag behind the voltage. 


Wiring, circuit breakers, and transformers that are 
used to supply power must be appropriately sized to 
the VA rating of the load. The power factor of an 
inductive load can be improved by adding a 
proportional amount of Capacitance across it. This 


will counteract the inductance and a power factor of | 
can be achieved. 


Most modern equipment uses a switch mode power 
supply to convert the high voltage ac to lower de 
voltages. These power supplies use a rectifier and 
Capacitor connected in series to the ac line, see Figure 
1. This nonlinear load on the ac line causes large 
peak currents at the peaks of the ac line voltage. This 
can cause the line voltage to be clipped at the peak, 
see Figure 2. The wiring, circuit breakers, and 
transformers must therefore be rated to handle the 
large peak current. The Current will be almost in 
phase with the voltage, but the current will not be 
sinusoidal. The modern definition of power factor 
uses only the first or fundamental harmonic of the line 
current for the real power calculation. 


APPLICATION NOTES 


ae 
LYE | TT | ty 
JIN INE | fT tt 
POE 
e| tT AINA Vy 
pt} ETN VA 


CLIPPED VOLTAGE 


CURRENT 


that would require a power factor greater than 0 .7 
for all equipment regardless of input power. 


Table 1 TEC 555-2 Harmonic current limits 


Harmonic Maximum Current (amperes) 
1.08 
2,50 
43 
1.14 
30 
a 
even 8<n<40 .23x8/n 
9 40 
1] mS 
13 o> 
odd 15<n<39 .15x15/n 
Table 2 Input power vs. minimum power factor 
at 170 Vrms 


Input Power (watts) | Minimum Power Factor 
250 435 


500 .695 


1000 .888 
2500 S79 
5000 05 


CONTROL 
CIRCUITRY 


APPLICATION NOTES 


relatively large inductors and capacitors. A passive 


filter would be too large and heavy for most designs 
above 500 watts or with power factors greater than .7. 
An active low frequency approach can be 
implemented up to about 1000 watts. Figure 4 
shows a typical design and the current wave form. 


Off 


7 \————~ Sinusoid 
(ideal current) 


~<—— Pseudo-sinusoid 


APPLICATION NOTES 


The boost topology requires that the output voltage 
be greater than the highest expected input voltage. 
The 270Vrms input requires the output to be greater 
than 382Vdc, an output of AQ0Vdc is acceptable. 


The inductor value controls the amplitude of the 


100KHz current ripple. This can greatly affect the 
stortion and thus the amount of EMI 


red on the input. A good starting point 


amount of di 
filtering requi 
for the inductor value would be to set Ip-p equal to 
20% of the peak line current. 
= x V.,7 x 0 - 1.414 x Vi»/ Vo) 

P,xf 
In this case V;, = 170Vrms, V, = 400Vdc, P;, = 
3400 watts, and f = 100KHz. The inductor must be 
greater than 170uH while allowing for operation into 
saturation. A Micrometals E220-18 core with 48 
turns of two #16 wires will provide a conservative 


L 


choice for the inductor. 


The value of the output capacitor can be determined 


from the holdover time requirement. 


2% Pony ht 


Co min = 
V,2- Vo min? 


CIRCUITRY 


APPLICATION NOTES 


Several IC manufacturers offer a control chip 

specifically for active high frequency power factor 
correction. Linear Technology, Micro Linear, and 
Unitrode are popular sources. These manufactures 
have detailed data sheets and application notes that 


delineate how to utilize their ICs. 


FET switching times must be fast enough to insure 
that the FET turns off when the PWM is at 
maximum duty cycle. A gate driver such as the 
Teledyne TC4422 or a similar discrete design must 


be used. 


The air flow and heat sink design must be sufficient 
to keep the inductor and power module within their 
rated temperatures. The power module contains a 
thermal switch that can be used to shut down the 


supply in case of over temperature. 


1.25 Ohms 


APPLICATION NOTES 


Figure 7 shows a schematic for the 3000 watt design. Active high frequency PFC will continue to grow in 
CONCLUSIONS popularity due to its ideal sine wave input current. 
Power supply manufactures who incorporate power 


Power factor correction will reduce the harmonic 


, factor correction will dominate the European market 
currents in the supply system and reducing these 


; ses : as more communities require compliance to the latest 
currents will benefit the utility companies and other 4 P 


legislation. 


equipment users on the supply system. The reduction in 
noise and cleaner sine wave will create a more ideal 
power distribution system. 


OO 
EMI 
Ac 
oe 4201.48 . FILTER 
® \ 


S Ge ce se Ge Se see ei 

, ® 

, | 

| 
U2 Teledyne TC 4422 ! i | re 

A | uF 
U1 Linear Technology LT 1248 | am | 
Co United Chemi-Con (4) 35X50 450V 470uF | +18¥0C 
PM1 BI Technologies 7700 , : " 
T1, T2 Bl Technologies HM31-20200 a — 
L1 Micrometals E220-18, 48 turns (2) #16 1 A 
DC-DC INHIBIT : 
18 2 6 
+18VDC = - 
3 
13 
4 
. 2 4 14 1 |7 8 3 ss 
rs e+e : 
suf 


FIGURE 7: 3000 watt PFC front end 
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SCREENED SUBSTRATES 


SPECIAL POTENTIOMETER ELEMENTS THERMOSET PLASTIC SUBSTRATES 
BI Technologies has developed a portfolio of resistor ¢ May be molded to produce a complete finished 
element technologies to meet customer requirements. part with excellent dimensional accuracy and a 
These include the application of high temperature high quality surface finish. 
_ _ ceramics and highly stable conductive plastic e Are typically used when the application 
- 2 _ materials to produce elements of exceptional quality requires a thick substrate or when indentations 
and precision. or recesses are deep. 


The following is a summary of the element ¢ May be used to produce through holes or 
technologies that can be used in various blind holes. 
potentiometer applications. ¢ May be used to produce transverse holes. 
¢ Will accommodate supplemental machining 
SUBSTRATE MATERIALS operations. 
_ | - ¢ Will accommodate either insert molded or 
Substrates can be manufactured from either high subsequently attached terminals. 
quality thermoset plastics or from electronic quality 


ceramics. CERAMIC SUBSTRATES 


¢ Will permit high service or operating 
temperatures. 
¢ Exhibit high thermal conductivity. 


¢ May be pressed and fired to shape or may be 
laser machined to shape from prefired alumina 
sheets. 
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SCREEN PRINTING AND ADJUSTING THE 
ELEMENT 


The application of the film materials to the substrate 
is accomplished by a precision Screen Printing 
process. After printing, the element may be trimmed 
to meet customer requirements for precise value, 
best linearity, or other special characteristics. Some 
of the special functions that BI Technologies can 
produce by means of precision Screen Printing and 
Trimming are: 


* Linear and Continuous Non-linear 
functions. 

¢ Two or more Sloped functions. 

¢ Stepped functions. 

¢ Sine, Cosine, and Special Logarithmic 
functions. 

¢ Multiple Tracks. 

¢ Special Taps for Voltage or Current. 

¢ Multiple film Screening. 

¢ Optimum Linearity. 

¢ Accurate Resistance value. 


OTHER STEPS IN ELEMENT FABRICATION 
MAY INCLUDE: 


¢ Shaping of the substrate to meet 
mechanical requirements. 
« Attachment of special terminals. 


BI Technologies has over 30 years of experience 
in providing solutions to tough customer problems. 
Please don’t hesitate to call our applications 
engineering group for assistance in developing 

a special substrate to meet your requirements. 
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Appendices 
Appendix A 


Packaging for Automation 


Appendix B 
AlphaNumeric Listing 


Appendix C 

Global Sales Offices 

Global Representative Listing 
Global Distributor Listing 
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Resistor/Capacitor Network 4-21 
Resistor/Capacitor Network 4-21 
Resistor/Capacitor Network 4-2) 
Resistor/Capacitor Network 4-21 
Resistor/Capacitor Network 4-21 
Resistor/Capacitor Network 4-2) 
Precision Potentiometer 2-9 
Diode Network 4-25 
» Diode Network 4-25 
Diode Network 4-25 
Diode Network 4-25 
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ALPHANUMERIC LISTING 


DESCRIPTION SECTION-PAGE 


Diode Network 4-25 
Diode Network 4-25 
Diode Network 4-25 
Diode Network 4-25 
Diode Network 4-25 
Diode Network 4-25 
Diode Network 4-25 
Diode Network 4-25 
Precision Potentiometer 2-9 
Precision Potentiometer 2-9 
Precision Potentiometer 2-9 
Magnetic Component 6-53 
Magnetic Component 6-15 
Magnetic Component 6-17 
Magnetic Component 6-19 
Magnetic Component 6-21 
Magnetic Component 6-23 
Magnetic Component 6-27 
Magnetic Component 6-29 
~ Magnetic Component 6-35 
Magnetic Component 6-39 
Magnetic Component 6-41 
Magnetic Component 6-43 
Magnetic Component 6-45 
Magnetic Component 6-45 
Magnetic Component 6-49 
Magnetic Component 6-55 
Resistor Network 4-27 
Resistor Network 4-27 
Resistor Network 4-27 
Resistor Network 4-27 
Resistor Network 4-27 
Resistor Network 4-27 
Resistor Network 4-27 
Resistor Network 4-27 
Resistor Network 4-27 
Resistor Network 4-27 
Resistor Network 4-27 


B-3 


ALPHANUMERIC LISTING 


DESCRIPTION SECTION-PAGE 


Resistor Network 4-27 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-33 
Resistor Network 4-37 
» Resistor Network 4-37 
Resistor Network 4-37 
Resistor Network 4-37 
Turns Counting Dial 3-12 
Turns Counting Dial 3-12 
Turns Counting Dial 3-12 
Turns Counting Dial 3-12 
Turns Counting Dial 3-12 
Resistor/Capacitor Chip Network 4-4) 
Resistor/Capacitor Chip Network 4-4) 
Resistor/Capacitor Chip Network 4-44 
Resistor/Capacitor Chip Network 4-44 
Trimming Potentiometer 1-5 
Trimming Potentiometer 1-5 
Resistor Network 4-45 
Resistor Network 4-45 
Resistor Network 4-45 
Resistor Network 4-45 
Resistor Network 4-45 
Resistor Network 4-45 
Resistor Network 4-45 
Resistor Network 4-45 
Resistor Network 4-45 
Resistor Network 4-45 


ALPHANUMERIC LISTING 


DESCRIPTION SECTION-PAGE 
Resistor Network 4-45 
Resistor Network 4-45 
Chip Trimming Potentiometer 1-11 
Chip Trimming Potentiometer 1-11 
Chip Trimming Potentiometer 1-11 
Trimming Potentiometer 1-15 
Trimming Potentiometer 1-15 
Trimming Potentiometer 1-19 
Trimming Potentiometer 1-19 
Trimming Potentiometer 1-19 
Trimming Potentiometer 1-23 
Trimming Potentiometer 1-23 
Trimming Potentiometer 1-23 
Trimming Potentiometer 1-19 
Trimming Potentiometer 1-27 
Trimming Potentiometer 1-27 
Trimming Potentiometer 1-27 
Trimming Potentiometer 1-31 
Trimming Potentiometer 1-31 
Trimming Potentiometer 1-31 
- Trimming Potentiometer 1-31 
_ Trimming Potentiometer 1-31 
Trimming Potentiometer 1-31 
Trimming Potentiometer 1-31 
_ Trimming Potentiometer 101 
— Trimming Potentiometer 1-31 
> Trimming Potentiometer 1-35 
Trimming Potentiometer 1-35 
— Trimming Potentiometer 1-35 
- Trimming Potentiometer 1-63 
Trimming Potentiometer 1-39 
~ Trimming Potentiometer 1-39 
» Trimming Potentiometer 1-39 
Trimming Potentiometer 1-39 
~ Trimming Potentiometer 1-43 
» Trimming Potentiometer 1-43 
Trimming Potentiometer 1-43 
~ Trimming Potentiometer 1-43 
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DESCRIPTION SECTION-PAGE 


._ Trimming Potentiometer 1 

~ Trimming Potentiometer 1 
» Trimming Potentiometer 1 
_ Trimming Potentiometer 1 
~ Trimming Potentiometer 1 
» Trimming Potentiometer 1 
Trimming Potentiometer 1 
Trimming Potentiometer 1 
-» Trimming Potentiometer 1 
Trimming Potentiometer 1 
Trimming Potentiometer 1 
_» Trimming Potentiometer 1 
-_ Trimming Potentiometer 1 
~ Trimming Potentiometer 1 
Trimming Potentiometer 1 
Trimming Potentiometer 1 
Trimming Potentiometer 1 
-» Trimming Potentiometer 1 
Trimming Potentiometer 1 
Trimming Potentiometer 1- 
1 

1 

1 

1 

1 

1 

1 
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1 

1 

1 

1 

1 

1 

1 

1 
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Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
__ Trimming Potentiometer 
Trimming Potentiometer 
» Trimming Potentiometer 
» Trimming Potentiometer 
~ Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 


mies B-6 
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DESCRIPTION SECTION-PAGE 


Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
— Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
— Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 
Trimming Potentiometer 1-85 
Trimming Potentiometer 1-89 
Hybrid Microcircuit 7-9 
Hybrid Microcircuit 1-13 
_ Precision Potentiometer 2-17 
Precision Potentiometer 2-17 
- Precision Potentiometer 2-17 
Precision Potentiometer 2-17 
Precision Potentiometer 2-17 
~ Precision Potentiometer 2-17 
Precision Potentiometer 2-17 
Precision Potentiometer 2-17 
Precision Potentiometer 2-17 
Resistor Network 4-49 
V.35 Termination Network 4-53 
- Resistor Network 4-57 
Resistor Network 4-49 
R/2R Resistor Network 4-61 
- RF Attenuator Resistor Network 4-65 
Precision Resistor Network 4-69 
Precision Resistor Network 4-69 
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ALPHANUMERIC LISTING 


DESCRIPTION SECTION-PAGE 


Precision Resistor Network 4-69 
Precision Resistor Network 4-73 
Precision Resistor Network 4-77 
Precision Resistor Network 4-77 
Precision Resistor Network 4-77 
Resistor Network 4-81 
Resistor Network 4-81 
Resistor Network 4-89 
R/2R Resistor Network 4-85 
R/2R Resistor Network 4-85 
Resistor Network 4-89 
R/2R Resistor Network 4-85 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Precision Motor Potentiometer 2-21 
Turns Counting Dial 3-14 
Turns Counting Dial 3-14 
Turns Counting Dial 3-14 
Turns Counting Dial 3-6 
Turns Counting Dial 3-14 
Turns Counting Dial 3-14 
Turns Counting Dial 3-14 
Turns Counting Dial 3-14 
Turns Counting Dial 3-8 
Turns Counting Dial 3-8 
Turns Counting Dial 3-8 
Turns Counting Dial 3-8 
» Turns Counting Dial 3-8 
Turns Counting Dial 3-8 
Turns Counting Dial 3-4 
Turns Counting Dial 3-4 


ALPHANUMERIC LISTING 


DESCRIPTION SECTION-PAGE 


_ Turns Counting Dial 3-4 
~ Turns Counting Dial 3-10 
Turns Counting Dial 3-10 
Turns Counting Dial 3-10 
Turns Counting Dial 3-10 
» Turns Counting Dial 3-10 
Turns Counting Dial 3-10 
Turns Counting Dial 3-16 
Precision Potentiometer 2-21 
Precision Potentiometer 2-31 
Precision Potentiometer 2-35 
» Precision Potentiometer 2-39 
_ Precision Potentiometer 2-43 
~ Precision Potentiometer 2-43 
Precision Potentiometer 2-43 
Precision Potentiometer 2-47 
Precision Potentiometer 2-47 
» Precision Potentiometer 2-47 
Precision Potentiometer 2-51 
Precision Potentiometer 2-51 
Precision Potentiometer 2-51 
Precision Potentiometer 2-55 
Precision Potentiometer 2-59 
» Precision Potentiometer 2-63 
Precision Potentiometer 2-63 
Precision Potentiometer 2-63 
Precision Potentiometer 2-63 
Precision Potentiometer 2-67 
Precision Potentiometer 2-71 
Precision Potentiometer 2-11 
Precision Potentiometer 2-71 
Precision Potentiometer 2-15 
Precision Potentiometer 2-15 
Precision Potentiometer 2-715 
Precision Potentiometer 2-79 
Precision Potentiometer 2-19 
Precision Potentiometer 2-79 
Precision Potentiometer 2-19 
Precision Potentiometer 2-85 


ALPHANUMERIC LISTING 


DESCRIPTION PAGE 
_ Precision Potentiometer Z0e 
Precision Potentiometer 2-89 
Precision Potentiometer 2-93 
_ Precision Potentiometer 2-93 
Precision Potentiometer 2-93 
~ Precision Potentiometer 2-93 
Precision Potentiometer 2-93 
Precision Potentiometer 2-99 
Precision Potentiometer 2-99 
Precision Potentiometer 2-99 
Precision Potentiometer 2-99 
Precision Potentiometer 2-105 
Precision Potentiometer 2-105 
Precision Potentiometer 2-105 
Precision Potentiometer 2-105 
Precision Potentiometer 2-111 
Precision Potentiometer 2-111 
Precision Potentiometer 2-111 
_ Hybrid Microcircuit 7-15 
Hybrid Microcircuit 1-21 
~ Precision Potentiometer 2-115 
_ Precision Potentiometer 2119 
Precision Potentiometer 2-119 
Precision Potentiometer 2-119 
_. Precision Potentiometer 2709 
Precision Potentiometer 2-125 
~ Precision Potentiometer 2-125 
Precision Potentiometer 2-120 


UNITED STATES 


Bl TECHNOLOGIES 
CORPORATION 


4200 Bonita Place 
Fullerton, CA 92635-1053 
Phone: (714) 447-2345 
Fax: (714) 447-2500 


UNITED KINGDOM 


BI TECHNOLOGIES LTD. 
Telford Road 

Eastfield Industrial Park 
Glenrothes, Fife KY7 4NX 
Scotland 

Phone: (44) 1-592-662200 
Fax: (44) 1-592-662299 


GERMANY/ 
CENTRAL EUROPE 


BI TECHNOLOGIES GmbH 


Kreuzhofstr. 10 
81476 Munich 
Germany 

Phone: (89) 745574-0 
Fax: (89) 745574-99 


FRANCE 
Bl TECHNOLOGIES S.A.R.L. 


1 bis, Avenue du Coteau 
BP 87 

93220 Gagny 

France 

Phone: (33) 14-302-7606 
Fax: (33) 14-381-7252 


551 technologies 


J 


c-1 


GLOBAL SALES OFFICES 


SINGAPORE 


TALY 


BI TECHNOLOGIES S.r.l. 


Via Arese 12 

20159 Milan 

Italy 

Phone: (39) 2-688-895 1 
Fax: (39) 2-689-6995 


APAN 
Bl TECHNOLOGIES 
JAPAN, LTD. 


Kakumaru Building, 4/F 
1-10, Toyo 7-chome 
Koto-ku, Tokyo 135 
Japan 

Phone: (81) 3-3615-1811 
Fax: (81) 3-3647-2443 


Bl TECHNOLOGIES PTE LTD. 


514 Chai Chee Lane, #02-01 

Bedok Industrial Estate 

Singapore 469029 

Phone: (65) 249-1117/ 
249-1118 

Fax: (65) 445-1983 


HONG KONG 
Bl TECHNOLOGIES 
HONG KONG 
Room 1110, 11/F, Tower 2 
World Trade Square 
123 Hoi Bun Road 
Kwun Tong, Hong Kong 
Phone: (852) 2799-7233 
Fax: (852) 2799-7302 


Reycom Electronica S.A. 
Bernardo de Irigoyen 972 
Piso 2C 

1304 Capital Federal 
Buenos Aires, Argentina 


Phone: 54-1-300-2018 


S.A. Mecotronic 
Nieuwelaan 58 

Meise 

1862 Belgium 

Phone: (02) 269-07-48 
Fax: (02) 269-94-55 


BRAZIL 


Hitech El. Indl. Coml. Ltda. 
Rua Branco de Moraes 489 
Ch. Santo Ant6énio 

Sao Paulo 04718-010 
Brazil 

Phone: 55-11-882-4000 
Fax: 55-11-882-4100 


CANADA 


BRITISH COLUMBIA 


BURNABY 


Blakewood Electronic 
Systems, Inc. 

#201-7382 Winston Street 
Burnaby, B.C., CN V5A 2G9 
Phone: (604) 444-3344 
Fax: (604) 444-3303 


ONTARIO 


OTTAWA 


Electro Source, Inc. 
300 March Road, #203 
Kanata, Ontario 

CN K2K 2E2 


QUEBEC 
POINTE CLAIRE 


Electro Source, Inc. 
6600 Trans Canada Highway 
Unit 420 

Pointe Claire, Quebec 
CN H9R 482 

Phone: (514) 630-7486 
Fax: (514) 630-7421 Ditz 


OTHER PARTS OF INDIA 


Ditz Schweitzer 
Titangade 15 
DK-2200 Copenhagen 
Denmark 


Phone: 45-35 86-90-90 


Fax: 45-35 86-90-60 


Repicomp 
Tammisalontie 4 

P.O. Box 21 
SF-00811 Helsinki 
Finland 

Phone: 358-07557201 


Fax: 358-0788256 


Micronics Ltd. 


46 Kritis St Argyrowfolis 


164-51 Athens-Hellas 
Greece 


Phone: (0030) 199-62948 
Fax: (0030) 199-51814 


Eldaco 

Jaszai Mariter 5 
If-1137 Budapest XIII 
Hungary 

Phone: 131-7588 
Fax: 131-6584 


Hind Industrial & Mercantile 
Corp. PVT Ltd. 

Worl P.O. Box 16580 
Bombay 400 018 

India 

Phone: 91-22-4933545 

Fax: 91-22-4937465 


Appletec Ltd. 

8 Hanager St. 

POB 2189 

Kafar Saba 

44000 Israel 

Phone: 972-9-766-0237 
Fax: 972-9-766-0234 


Astrotec Electronics (M) 
SDN BHD 

10 Lintang Beringin 2 
Diamond Valley Ind. Park 
11960 Baya Lepas 

Penang, Malaysia 

Phone: 604-6262621, 6262625 
Fax: 604-6262611, 6572121 


CompTech 

Phone: 214-751-1181 
Fax: 214-550-8113 
Send inquiries to: 
CompTech 

2401 Gateway Dr. 
Suite 114 

Irving, TX 75063 


Fast Benelux BV 
Notenlaan 48 

NL-4254 CD Sleeuwijk 
Netherland 

Phone: 31-1833-4315 
Fax: 31-1833-7016 


GLOBAL REPRESENTATIVE LISTING 


First Byte, Inc. 

#6, Pres. Aguinaldo St. 
Industrial Valley Marikina 
Metro Manila 

Philippines 

Phone: 63-2-6557761 

Fax: 63-2-6557761 


PORTUGAL 


Urb. Ind. Vila Amelia Lote 341 
Cabanas 2950 Palmela 
Portugal 

Phone: 351-1-2104805 

Fax: 351-1-2104933 


PUERTO RICO 


Nutek Sales, Inc. 

Calle Hucar #38 Bajos 

Bo Sabanetas 

Mercedita, Puerto Rico 00715 
Phone: (809) 844-3840 

Fax: (809) 844-3915 


SAUDI ARABIA 


Mejdaj Trading EST 
P.O. Box 2002 

Riyadh 11451 

Saudi Arabia 

Phone: 901 1-01-4013206 
Fax: 9011-01-4055240 


SINGAPORE 


Bell Systems Electronics 
PIE; 

1 Rochlor Canal Rd., #06-20 
Sim Lim Square 

Singapore 0718 


SOUTH AFRICA 


Avnet Kopp (Pty) Ltd. 


=o a 
: (613 - 
TORONTO KARNATAKA & TAMIL Phone: 011-444-2333 
Fax: 011-444-1706 

Electro Source, Inc. ey , NC NordComp Norway AS = 

230 Galaxy Boulevard Instrumentation Engineers P.O. Box 190 

CN MOW 5R8 463 Shreyas, 2nd Main —— 

Phone: (416) 675-4490 8th Cross Phone! ai eau GaaG Argos 

Fax: (416) 675-6871 Mico Colony Fax: 47 6387 9000 c/ Montseny 32 
B.T.M. Layout ae : 08012 Barcelona 
Bangalore 560 076 Spain 
India Phone: (93) 217-76-55 


Phone: 91-80-643847 Fax: (93) 217-75-56 


Fax: 91-80-2235463 
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CORPORATION 


NEWPORT BEACH 


Jones & McGeoy Sales, Inc. 
5100 Campus Dr. 


NC NordComp Sweden AB Suite 300 

Box 4115 Newport Beach, CA 92660 
171 04 Solna Phone: (714) 724-8080 
Sweden 


Fax: (714) 724-8090. 
Phone: 46-8-764-67-10 


Fax: 46-8-764-47-30 SAN JOSE 


Kottmeier Associates, Inc. 
985 University Ave. 

Suite 38 

Los Gatos, CA 95030 
Phone: (408) 395-0700 


The Value Component 


Company Ltd. Fax: (408) 395-8074 
34th Floor 

Charn Issara Tower II COLORADO 
2922/328-331 New Petchburi ENGLEWOOD 


Bangkapi, Huay-Kwang 

Bangkok 10310 

Thailand 

Phone: 662-308-2900 
308-2040 

Fax: 662-308-3001 


Thom Luke Sales, Inc. 
9000 E. Nichols Ave. 
Suite 240 

Englewood, CO 80112 
Phone: (303) 649-9717 
Fax: (303) 649-9719 


CONNECTICUT 
Kapman Datatrack Engineering, Inc. 
Posta Kutusu 158 615 W. Johnson Avenue 
Beyoglu 80072 Suite 210 
Istanbul Cheshire, CT 06410 
Turkey Phone: (203) 271-1311 


Phone: 90-212-2555277 Fax: (203) 272-7672 


Fax: 90-212-2506013 


FLORIDA 
WNIT State 
QXI, Inc. 
7305 West Sample Rd. 
aa Suite 207 
HUNTSVILLE Coral Springs, FL 33065 


Phone: (954) 341-1440 
Fax: (954) 341-1430 
LONGWOOD (ORLANDO) 


QXI, Inc. 
Longwood Village Inn 
300 N. County Road 427 


Electro Source, Inc. 
4835 University Square 
Suite 11 

Huntsville, AL 35816 
Phone:(205) 830-2533 
Fax: (205) 830-5567 


ARIZONA Suite 210 
Longwood, FL 32750 
SCOTTSDALE Phone: (407) 831-8131 
cone Luke sie Fax: (407) 831-8112 
9700 North 91st Street 
ete e al ST. PETERSBURG 


Scottsdale, AZ 85258 
Phone: (602) 451-5400 
Fax: (602) 451-0172 


CALIFORNIA 


ESCONDIDO 


Clint Bradley Associates 
3509 Ryan Place 
Escondido, CA 92025 
Phone: (619) 743-0229 
Fax: (619) 743-8082 


QXI, Inc. 

1510 9th Street North 

St. Petersburg, FL 33704 
Phone: (813) 894-4556 
Fax: (813) 894-3989 
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GEORGIA 
NORCROSS 


Electro Source, Inc. 
3240 Pointe Parkway 
Suite 1500 

Norcross, GA 30092 
Phone: (707) 734-9898 
Fax: (707) 734-9977 


IDAHO 
BOISE 


First Source 

10451 W. Garverdale Ct. 
Suite 209 

Boise, ID 83704 

Phone: (208) 378-4680 
Fax: (208) 323-9386 


ILLINOIS 
ELK GROVE VILLAGE 


Carlson Elect. Sales Assoc. 
1375 E. Higgins Road 


Elk Grove Village, IL 60007 


Phone: (847) 956-8240 
Fax: (847) 956-8289 


INDIANA 
CARMEL 


Carlson Elect. Sales Assoc. 
11405 N. Pennsylvania St. 
Suite 109 

Carmel, IN 46032 

Phone: (317) 575-4888 
Fax: (317) 575-4885 


IOWA 
CEDAR RAPIDS 


Carlson Elect. Sales Assoc. 
373 Collins Road, NE 
Cedar Rapids, IA 52402 
Phone: (319) 378-1450 
Fax: (319) 378-1825 


KANSAS 
OVERLAND PARK 


Electri-Rep, Inc. 

7050 West 107th Street 
Suite 210 

Overland Park, KS 66212 
Phone: (913) 649-2168 
Fax: (913) 649-4537 


MARYLAND 
COLUMBIA 


Beacon North Inc. 
8965 Guilford Road 
#150 

Columbia, MD 21046 
Phone: (410) 381-4309 
Fax: (410) 381-4752 


MASSACHUSETTS 


FRAMINGHAM 


Gallagher Associates, Inc. 
175 Franklin Street 
Framingham, MA 01701 
Phone: (508) 626-2346 
Fax: (508) 872-5677 


MICHIGAN 


AUBURN HILLS 


Trilogy Marketing Inc. 
691 N. Squirrel Road 
Suite 100 

Auburn Hills, MI 48236 
Phone: (810) 377-4900 
Fax: (810) 377-4906 


MINNESOTA 


MINNEAPOLIS 


Comstrand, Inc. 

6299 University Ave., NE 
Minneapolis, MN 55432 
Phone: (612) 574-9480 
Fax: (612) 574-9486 


ST. LOUIS 


Electri-Rep, Inc. 

2258 Schuetz Road 
Suite 210 

St. Louis, MO 63146 
Phone: (314) 993-4421 
Fax: (314) 993-6340 


NEW JERSEY 
FORT LEE 


Nexus Technology Sales, Inc. 


2460 Lemoine Ave. 
Fort Lee, NJ 07024 
Phone: (201) 947-0151 
Fax: (201) 947-0163 


NEW YORK 


FAIRPORT 
L-Mar Associates, Inc. 


440 Perinton Hills Office Park 


Fairport, NY 14450 
Phone: (716) 425-9100 
Fax: (716) 425-9120 


NORTH CAROLINA 


RALEIGH 


Electro Source, Inc. 
6050C Six Forks Road 
Raleigh, NC 27609 
Phone: (919) 846-5888 
Fax: (919) 846-0408 


OHIO 
DAYTON 


Thompson & Associates, Inc. 


309 Regency Ridge 
Dayton, OH 45459 
Phone: (513) 435-7733 
Fax: (513) 435-1898 


COLUMBUS 


Thompson & Associates, Inc. 


5321 Grosbeak Glen 
Orient, OH 43146 
Phone: (614) 877-4304 
Fax: (614) 877-0872 


CLEVELAND 


Thompson & Associates, Inc. 


23200 Chagrin Blvd. 
Bldg. 4, Suite 150 
Beachwood, OH 44122 
Phone: (216) 831-6277 
Fax: (216) 831-2553 


OREGON 
PORTLAND 


Venture Electronics, Inc. 
7165 S.W. Fir Loop 
Suite 103 

Portland, OR 97223 
Phone: (503) 624-0617 
Fax: (503) 620-4682 


PENNSYLVANIA 


TREVOSE 


Omega Electronic Sales 
Four Neshaminy Interplex 
Suite 101 

Trevose, PA 19053 
Phone: (215) 244-4000 
Fax: (215) 244-4104 


TEXAS 


AUSTIN 


Mil-Rep Associates, Inc. 
9009 Mountain Ridge Dr. 
Suite 78759 

Austin, TX 78759 
Phone: (512) 346-6331 
Fax: (512) 346-1975 


EL PASO 


CompTech 

F-14 Basset Center #606 
6001 Gateway West 

El Paso, TX 79925 
Phone: (915) 556-1022 
Fax: 011-52-16-13-21-56 


HOUSTON 


Mil-Rep Associates, Inc. 
13810 Champion Forest Dr. 
Suite 145 

Houston, TX 77069 
Phone: (713) 444-2557 
Fax: (713) 444-2751 


RICHARDSON 


Mil-Rep Associates, Inc. 
1755 N. Collins Blvd. 
Suite 215 

Richardson, TX 75080 
Phone: (214) 644-6731 
Fax: (214) 644-8161 


WASHINGTON 


BELLEVUE 
Venture Electronics, Inc. 


12503 Bellevue-Redmond Rd. 


Suite 200 

Bellevue, WA 98005 
Phone: (206) 454-4594 
Fax: (206) 454-9003 


WISCONSIN 


MILWAUKEE 


Carlson Elect. Sales Assoc. 
10701 W. North Avenue 
Northbrook Executive Ctr. 
Milwaukee, WI 53226 
Phone: (414) 476-2790 
Fax: (414) 476-2682 
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AUSTRALIA 


Hartec Limited 

205a Middleborough Road 
Box Hill 

Victoria 3128 

Australia 

Phone: 005-61-3-9268900 
Fax: 005-61-3-98995191 


Spoerle Electronic 
Distribution Internat’1 GmbH 
Heiligenstadter Strasse 52 
A-1190 Wien, Austria 
Phone: 0222-31872 70-0 
Fax: 0222-3692273 


Lico Ges. m.b.H. 
Felbigergasse 38 
A-1140 Wien, Austria 
Phone: 0222-9140621 
Fax: 0222-9144174 


Farnell 

Belgicastraat 2 

B1930 

Zaventem, Belgium 
Phone: (02) 725-35-33 
Fax: (02) 725-41-35 


S.A. Metronic 
Nieuwelaan 58 

Meise 

1862 Belgium 

Phone: (02) 269-07-48 
Fax: (02) 269-94-55 


Spoerle Electronic 
Distribution International 
Keiberg II-Minervastraat 14/B2 
B-1930 Zaventem 

Belgium 

Phone: (02) 725-4660 

Fax: (02) 725-4511 


CANADA 


ALBERTA 


CALGARY 


F.A.I. 

2015 32nd Ave. N.E., Unit 1 
Calgary, Alberta 

Canada T2E 6Z3 

Phone: (800) 668-6333 
Phone: (403) 291-5333 

Fax: (403) 291-5444 
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Future Electronics, Inc. 
2015 32nd Ave. N.E., Unit 1 
Calgary, Alberta 

Canada T2E 6Z3 

Phone: (403) 250-5551 

Fax: (403) 291-7054 


Semad Electronics 

6815 8th St. NE, Suite 175 
Calgary, Alberta 

Canada T2E 7H7 

Phone: (403) 252-5664 
Fax: (800) 565-9779 


EDMONTON 


F.A.I. 

6029 103rd Street 
Edmonton, Alberta 
Canada T6H 2H3 
Phone: (800) 661-2038 
Phone: (403) 438-5888 
Fax: (403) 436-1874 


Future Electronics, Inc. 
4606 97th Street 
Edmonton, Alberta 
Canada T6E 5N9 
Phone: (403) 438-2858 
Fax: (403) 434--0812 


BRITISH COLUMBIA 


BURNABY 


Semad Electronics 

4259 Canada Way, Ste. 245 
Burnaby, B.C. 

Canada V5G 1HI1 

Phone: (604) 451-3444 
Fax: (604) 451-3445 


VANCOUVER 


F.ALI. 

1695 Boundary Road 
Vancouver, B.C. 
Canada V5K 4X7 
Phone: (800) 665-5488 
Phone: (604) 654-1050 
Fax: (604) 294-3170 


Future Electronics, Inc. 
1695 Boundary Road 
Vancouver, B.C. 
Canada VS5K 4X7 
Phone: (604) 294-1166 
Fax: (604) 294-1206 


Milgray 

3665 Kingsway, #300 
Vancouver, B.C. 
Canada V5R 5W2 
Phone: (604) 454-0900 
Fax: (604) 435-8181 


CORPORATION 


MANITOBA 


WINNIPEG 


F.A.L. 

106 King Edward St. E. 
Winnipeg, Manitoba 
Canada R3H ON8 
Phone: (800) 567-2284 
Phone: (204) 786-3075 
Fax: (204) 783-8133 


Future Electronics, Inc. 
106 King Edward St. E. 
Winnipeg, Manitoba 
Canada R3H ON8 
Phone: (204) 944-1446 
Fax: (204) 783-8133 


ONTARIO 
LONDON 


Simcona Electronics Corp. 
532 Newbold St. 

London, Ontario 

Canada N6E 2S5 

Phone: (519) 668-2890 
Fax: (519) 668-2891 


MARKHAM 


Semad Electronics 

85 Spy Court 
Markham, Ontario 
Canada L3R 4Z4 
Phone: (905) 475-8500 
Fax: (905) 475-4158 


MISSISSAUGA 


Capstone Electronics 

1093 Meyerside Dr., Unit #2 
Mississauga, Ontario 
Canada, LST 1M4 

Phone: (905) 670-2010 

Fax: (905) 670-5830 


Milgray Electronics 
2783 Thamesgate Dr. 
Mississauga, Ontario 
Canada L4T 1G5 
Phone: (905) 678-0958 
Fax: (905) 678-1213 


OTTAWA 


F.A.I. 

Baxter Centre 

1050 Baxter Road 
Ottawa, Ontario 
Canada K2C 3P2 
Phone: (800) 667-2254 
Phone: (613) 820-8244 
Fax: (613) 820-8046 


Future Electronics, Inc. 
Baxter Centre 

1050 Baxter Road 
Ottawa, Ontario 
Canada K2C 3P2 
Phone: (613) 820-8313 
Fax: (613) 820-3271 
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GLOBAL DISTRIBUTOR LISTING 


Semad Electronics 

2781 Lancaster Rd., Ste 302 
Ottawa, Ont. 

Canada K1B 1A7 

Phone: (613) 526-4866 
Fax: (613) 523-4372 


TORONTO 


F.A.I. 

5935 Airport Road 
Suite 205/210 
Mississauga, Ontario 
Canada L4V 1W5 
Phone: (800) 565-3047 
Phone: (905) 612-9888 
Fax: (905) 612-9222 


Future Electronics, Inc. 
5935 Airport Road 
Suite 200 

Mississauga, Ontario 
Canada L4V 1W5 
Phone: (905) 612-9200 
Fax: (905) 612-9185 


QUEBEC 
MONTREAL 


F.A.I. 

237 Hymus Blvd. 

Pt. Claire, Quebec 
Canada H9R 5C7 
Phone: (800) 561-9294 
Phone: (514) 694-8157 
Fax: (514) 694-7721 


Future Electronics 

237 Hymus Blvd. 

Pt. Claire, Quebec 
Canada H9R 5C7 
Phone: (514) 694-7710 
Fax: (514) 695-3707 


POINTE CLAIRE 


Milgray Electronics 
6600 Trans Canada Hwy. 
Suite 209 

Pt. Claire, Quebec 
Canada H9R 4S2 
Phone: (514) 426-5900 
Fax: (514) 426-5836 


Semad Electronics 

243 Place Frontenac 
Pt. Claire, Quebec 
Canada H9R 4Z7 
Phone: (514) 694-0860 
Fax: (514) 694-0965 


QUEBEC CITY 


P.A.L 

1990 Boul. Charest O. 
Suite 190 

Ste. Foy, Quebec 
Canada GIN 4K8& 
Phone: (800) 561-2173 
Phone: (418) 682-5775 
Fax: (514) 682-6282 


Future Electronics 

1000 Ave. St. Jean Baptiste 
Suite 100 

Quebec City, Quebec 
Canada G2E 5G5 

Phone: (418) 877-6666 
Fax: (514) 887-6671 


Gold Insignia Electronic Co., Lid. 
Hong Kong Head Office 
Unit 7, 4/F, Block B, 
Hi-Tech Industrial Centre. 
5-21 Pak Tin Par Street 
Tsuan Wan, N.Y., 

Hong Kong 

Phone: (852) 2411-6505 
Fax: (852) 2416-0464 
Beijing Office 

Phone: 8498941, 
849888ETN 6213 

Fax: 8451275 


Guangzhou Office 


Phone: 4481688 x 3508, 3588 


Fax: 4409901 


Shanghai Office 
Phone: 3271170 x 2349 
Fax: 3273383 


Max Bright C & C Company 


Block G, 13th Floor, Phase 1 
Kwun Tong Indus. Centre 
472-484 Kwun Tong Rd. 
Kowloon, Hong Kong 
Phone: 852-2793-5565 

Fax: 852-2344-0290 


CZECH /SLOVAK REP. 


Spoerle Electronic spol.sro 
Charkovska 24 

CZ-10100 Praha 10 

Czech Republic 

Phone: (02) 73 1354 

Fax: (02) 73 1355 


Acal Ltd. 

Wokingham Road 
Bracknell 

Berks, England RG12 IND 


Diamond Electronics Ltd. 
Fourways Tech Pk 

London Road 

Smallwood, NR Sandbach 
Cheshire, England CW11 0US 
Phone: 01260-2793 17 

Fax: 01260-298058 
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Future Electronics 

Poyle Road 

Colnbrook 

Berkshire, England SL3 OEZ 
Phone: 01753-763000 

Fax: 01753-689100 


Eurodis-HB Ltd. 
Lever Street 

Bolton, Langs 
England BL3 6BJ 
Phone: 01204-555000 
Fax: 01204-38491 1 


H-Squared Electronics Ltd. 
Conifer House 

Old Bridge Way 

Shefford, Beds 

England SC17 5HQ 
Phone: 01462-815116 

Fax: 01462-815187 


Macro Marketing Ltd. 
Burnham Lane, Slough 
Berks 

England SL1 6LN 
Phone: 01628-604383 
Fax: 01628-666873 


Polar Electronics Ltd. 
Cherry Court Way 
Leighton Buzzard 
Beds, England 
Phone: 01525-377093 
Fax: 01525-378367 


RS Components Ltd. 
P.O. Box 99 

Corby, Northants 
England NN17 9RS 


3D 

6 - 8 rue Ambroise Croizat 
ZI des Glaises 

91127 Palaiseau Cedex 
France 

Phone: 64-47-29-29 

Fax: 64-47-00-84 


Copel 

359 rue Fourny 
ZI-BP22 

78534 Buc Cedex 
France 

Phone: 39-56-10-18 
Fax: 39-56-55-93 


Direct 

151-153 rue de Constantine 
76021 Rouen Cedex 
France 

Phone: 32-10-23-43 

Fax: 32-88-50-8 1 


Farnell Electronic Services 
Pare Tech. Saint-Aubin 
Immeuble Apollo 

BP 69 

91192 Gif/Yvette, France 
Phone: 69-85-83-00 

Fax: 69-85-85-99 


Future Electronics 

Pare Technopolis 

L.P. 854 les Ulis 

3 ave. du Canada-bat Theta 2 
91974 Courtaboeuf Cedex 
France 

Phone: 69-82-11-11 

Fax: 69-82-11-00 


Omnitech Sertronique 
CA de Montheard 

11 rue Edgar Brandt 
72016 Le Mans Cedex 
France 

Phone: 43-86-74-74 
Fax: 43-86-74-86 


Radiospares Composants 
Z.A. La Vatine 

rue Norman King 

60031 Beauvais 

France 

Phone: 44-10-15-15 

Fax: 44-10-16-00 


Selfco 

1 rue de 1’ Uranium 
BP 68 

67800 Bischeim 
France 

Phone: 88-19-15-80 
Fax: 88-83-41-81 


Williamson Electronique 

6 rue de la Guillonniere 

ZA la Bougriere - BP 64 
44280 Sainte Luce Sur Loire 
France 

Phone: 40-18-80-00 

Fax: 40-18-80-28 


Future Electronics 
Luxenburger Str. 35/1V 
D-13353 Berlin 
Germany 

Phone: 030-469089-0 
Fax: 030-469089-89 


Future Electronics 
Hauert 8 

D-44227 Dortmund 
Germany 

Phone: 0231/975048-0 
Fax: 0231/975048-23 
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Future Electronics 
Wilh-Wolff Str. 6 
D-99099 Erfurt 
Germany 

Phone: 0361-42087-0 
Fax: 0361-42087-60 


Future Electronics 
Max-Weber-Strasse 3 
D-25451 Quickborn 
Germany 

Phone: 04106/77480 
Fax: 04106/72556 


Future Electronics 
Buschkamp 84 
D-30853 Hannover 
Germany 

Phone: 0511-72562-0 
Fax: 0511-72562-62 


Future Electronics 
Black + Decker Str. 17b 
D-65510 Idstein 
Germany 

Phone: 06126/9321-0 
Fax: 06126/9321-55 


Future Electronics 
Miinchner Strasse 18 
D-85774 Unterfohring 
Germany 

Phone: 089/95727-0 
Fax: 089/95727-173 


Future Electronics 
Johannes-Daur Str. 1 
D-70825 Korntal-Miinchingen 
Germany 

Phone: 071 1/830830 

Fax: 0711/8308383 


Holz Elektronik 
Benzstr. 1 B 

D-85551 Kirchheim 
Germany 

Phone: 089-991530-15 
Fax: 089-99 1530-30 


Holz Elektronik 
Hans-Bockler Str. 29 
D-73230 Kirchheim/Teck 
Germany 

Phone: 07021-98390 

Fax: 07021-81534 


Horst Goebel 
Mannheimer Str. 117 
D-67071 Ludwigshafen 
Germany 

Phone: 0621-68121-0 
Fax: 0621-68121-31 


HOT Electronic GmbH 
Wendelsteinweg 11 
D-82024 Taufkirchen 
Germany 

Phone: 089-612 1092 
Fax: 089-612 8667 


HOT Electronic GmbH 
Schulstr. 22 

D-73614 Schorndorf 
Germany 

Phone: 07181-24093 
Fax: 07181-21671 


Ing. Buero Dreyer 
A.-Schweitzer-Ring 36 
D-22045 Hamburg 
Germany 

Phone: 040-66 95227 
Fax: 040-66 84030 


PK Components Jeutter 
Rechberg Str. 15 

D-73663 Berglen-Birkenw 
Germany 

Phone: 07181-77028 

Fax: 07181-44617 


PK Components GmbH 
Dominicus Str. 3 
D-10823 Berlin 
Germany 

Phone: 030-78 79988 
Fax: 030-78 81204 


PK Components GmbH 
Schroetal 1 

D-45257 Essen 
Germany 

Phone: 0201-84805-0 
Fax: 0201-84805-11 


PK Components GmbH 
Finkenschlag 3 
D-90455 Nuernberg 
Germany 

Phone: 0911-88 2031 
Fax: 0911-88 3479 


Rutronik Elektronische 
Bauelemente GmbH 
Furkastr 67 

D-12107 Berlin 
Germany 

Phone: 030-7411323 
Fax: 030-7411325 


Rutronik Elektronische 
Bauelemente GmbH 
Mathildenstr 20 
D-90762 Fuerth 
Germany 

Phone: 0911-7499020 
Fax: 091 1-748077 


Rutronik Elektronische 
Bauelemente GmbH 
Egenberger Weg 11 
D-87656 Germaringen 
Germany 

Phone: 08341-64542 
Fax: 08341-65382 


Rutronik Elektronische 
Bauelemente GmbH 
Am Stadion 4 
D-07629 Hermsdorf 
Germany 

Phone: 036428-51210 
Fax: 036428-51310 


Rutronik Elektronische 
Bauelemente GmbH 
Industriestr. 2 
D-75228 Ispringen 
Germany 

Phone: 07231-801-0 
Fax: 07231-8228/2 


Rutronik Elektronische 
Bauelemente GmbH 
Liinener Str. 211 
D-59174 Kamen 
Germany 

Phone: 02307-9129210 
Fax: 02307-9129231 


Rutronik Elektronische 
Bauelemente GmbH 
Tattenhagen 18 
D-30900 Wedemark 
Germany 

Phone: 05130-79562 
Fax: 05130-79665 


Schuricht Elektronik 
Richtweg 32 
D-28195 Bremen 
Germany 

Phone: 0421-3654-54 
Fax: 0421-3654-23 


Schuricht Elektronik 
Rudolf-Diesel Str. 8 
D-85221 Dachau 
Germany 

Phone: 08131-5194-0 
Fax: 08131-5194-10 


Schuricht Elektronik 
36 Hohenstr. 

D-70736 Fellbach 
Germany 

Phone: 071 1-95755-93 
Fax: 0711-95755-30 


Schuricht Elektronik 
Ernst-Thalmann-Str.39 
D-01809 Heidenau 
Germany 

Phone: 03529-5690-15 
Fax: 03529-5690-30 


Schuricht Elektronik 
Rodenkirchener Str. 79 
D-50997 Koeln 
Germany 

Phone: 02233-9210-20 
Fax: 02233-9210-25 


55 technologies 


Spoerle Electronic 
Kackert Str. 10 
D-52072 Aachen 
Germany 

Phone: 0241-88969-0 
Fax: 0241-81162 


Spoerle Electronic 
Hoepfigheimer Str. 5 
D-74321 Bietigheim-Biss 
Germany 

Phone: 07142-7003-0 
Fax: 07142-7003-60 


Spoerle Electronic 
Rudower Str. 27-29 
D-12351 Berlin 
Germany 

Phone: 030-66582-0 
Fax: 030-66582-77 


Spoerle Electronic 
Hildebrandstr. 11 
D-44319 Dortmund 
Germany 

Phone: 0231-21801-0 
Fax: 0231-21801-67 


Spoerle Electronic 
Im Gefierth 11 A 


D-63303 Dreieich bei Ffm. 


Germany 
Phone: 06103-304-0 
Fax: 06103-304-201 


Spoerle Electronic 
Rodeweg 18 
D-37081 Goettingen 
Germany 

Phone: 0551-904-0 
Fax: 0551-904-46/48 


Spoerle Electronic 
Schnackenburgallee 149C 
D-22525 Hamburg 
Germany 

Phone: 040-853134-0 
Fax: 040-853134-91 


Spoerle Electronic 
Hauptstr. 103 

D-04416 Markkleeberg 
Germany 

Phone: 0341-35622-0 
Fax: 0341-35622-66 


Spoerle Electronic 
Ratsbergstr. 17 
D-90411 Nuernberg 
Germany 

Phone: 0911-52156-0 
Fax: 0911-52156-35 


Spoerle Electronic 
Wernher-v.-Braun-Str. 9 
D-85640 Putzbrunn 
Germany 

Phone: 089-45618-0 
Fax: 089-45618-399 


Spoerle Electronic 
Am Gansacker 10 
D-79224 Umkirch 
Germany 

Phone: 07665-9855-0 
Fax: 07665-9855-98 


Component Supplied Ltd. 
Room 705, Block A, 7/F., 
Hunghom Commercial Ctr. 
39, Ma Tau Wai Rd., 
Hunghom, Kowloon, 
Hong Kong 

Phone: (852) 2365-7171 
Fax: (852) 2764-3074 


Future Electronics 
Room 910, 9/F 

HK Pacific Centre 

28 Hankow Road 
Tsimshatsui, Kowloon 
Hong Kong 

Phone: (852) 731-3508 
Fax: (852) 731-5569 


Spoerle Electronic 
Vaci ut 45 

H-1134 Budapest 
Hungary 

Phone: (1) 1561215 
Fax: (1) 30515626 


Future Electronics 

26 Merchants Square 
Ennis 

County Clare, Ireland 
Phone: 065-41330 
Fax: 055-40654 


Neltronics Ltd. 
Queens Road 

Queens Island, Belfast 
Ireland BT3 9DW 
Phone: 01232-450607 
Fax: 01232-45 1960 


Neltronic Ltd. 

John F. Kennedy Road 
Naas Road 

Dublin, Ireland 

Phone: 353-1-4503560 
Fax: 353-1-4552789 


ITALY 


Adelsy S.R.L. 
Via del Fonditore 
5 Loc. Roveri 
40138 Bologna 
Italy 


Biesse S.R.L. 

Via Milazzo 42 

21052 Busto Arsizio (VA) 
Italy 


C.A.R.T.E.R. S.A.S. 

Di Durando Salvatore & C. 
Via Terni 64/A 

10151 Torino 

Italy 


C.D.E. Di Fanti G. & C.S.A:S. 
Via Franklin Vivenza 6 
46100 Mantova 

Italy 


C. S. Elettronica SRL 
Via Varesina 131 
22100 Como 

Italy 


Cimee Elettronica S.R.L. 
Via Marzabotto 23 
20151 Milano 

Italy 


Clever Italia SRL Comp. Elett. 


Via P. Togliatti 45 
20037 Paderno Dugano Mi 
Italy 


Comsel S.R.L. 

Via F. Santi 3 

21012 Cassano Magano (Va) 
Italy 


Datronic S.R.L. 
Via Crocillo 09 
80010 Quarto (Na) 
Italy 


Dedo Elettronica SPA 
Via Nazionale 74 

64019 Tortoteto Lido (Te) 
Italy 


Detas S.P.A. 

Via C. Quaranta 16 
25123 Brescia 
Italy 


Dis. Co. Elettronica 
Via E. Petrella 13/r 
50144 Firenze 

Italy 
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Elco Elettronica SRL 

Viale Italia 108 

31015 Conegliano Veneto (Tv) 
Italy 


Elco Fruili S.R.L. 
Via Caboto 24 
33170 Porenone 
Italy 


Electronic Center S.A.S. 

Di F. Granata & C. 

Via Farrini O 

20031 Cesano Maderno (Mi) 
Italy 


Electronic Center S.P.A. 
Via Canaletto Sud 276 
41100 Modena 

Italy 


Electronic Market Padova 
SRL 

Via Anelli 21 

35100 Padova 

Italy 


Electronik Components 
Di Montagani Vasco 
Via Tien An Men 5/7 
41049 Sassuolo (Mo) 
Italy 


Elettro Bergamo S.P.A. 
V. Nazionale 122-S.S.Del 
Tohale 

24068 Seriate (BG) 

Italy 


Elettronica Componenti SNC 
Di Prevacini & C. 

Viale Piave 215 

25123 Brescia 

Italy 


Elettronica Monzese S.R.L. 
Via Azzone Visconti 37 
20052 Monza (Mi) 

Italy 


Eltrongros S.P.A. 

Via Leonardo Da Vinci 54 
22062 Barzano (CO) 

Italy 


F & B Systems S.R.L. 
Via Giovanni Giolitti 7 
43100 Parma 

Italy 


Foxel S.R.L. 

Via Maccani 36 

38100 

General Market SRL 
Via Torino 43 

21052 Busto Arsizio VA 
Italy 
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GP Elettronica SRL 

Via Renato Martorelli 54 
10155 Torino 

Italy 


HI-REL-SRL 
Via Amatrice 15 
00199 Roma 
Italy 


Hobbytronics SRL 
Via F. Corridoni 15/A 
50134 Firenze 

Italy 


I.M.E.R.EL. SRL 
Via Saluzzo 11B 
10125 Torino 
Italy 


Incomin SRL 
Via Dell Isola 3 
22053 Lecco 
Italy 


L’ Elettronica S.R.L. 
Via Saffi 90 

21100 Varese 

Italy 


M.C. D. Elettronica 

Di Bertamino Luciano 
Via Aurelia Ponente 4H/C 
16035 Rapallo (GE) 

Italy 


Marucci S.P.A. 

Via F. Lli Bronzetti 37 
20129 Milano 

Italy 


Mec Tronic SRL 
Via Valesia 26 
28100 Novara 
Italy 


Nuova SEB Elettronica SRL 
Via Cimabue 41 

20052 Monza (MI) 

Italy 


Omega SRL 
Via Germania 9 
37136 Verona 
Italy 


Omina SRL 

Via E. Fermi 42 
35030 Veggaino (PD) 
Italy 


Prelco S.A.S. 

Di Sinelli Wilner 

Via E. Fermi 20 

20090 Cesano Boscone MI 
Italy 


Prod. El. 

Di Trevisan Marino & C. SAS 
V Zamenhof 351/353 
Serenissima 

36100 Vicenza 

Italy 


Radio Kalika R.K.E. 
Di Felician D. 

Via Severo 19/21 
34133 Trieste 

Italy 


Radio Ricambi S.N.C. 
Di Mattarelli Bruno & C. 
Via E. Zago 12/A 

40128 Bologna 

Italy 


Samo Elettronica SNC 
Di Sacconi & Monzani 
Via Rota 30 

20059 Vimercate (MI) 
Italy 


Technolasa Elettronica SRL 
Viale Druso 181 

39100 Bolzano 

Italy 


Tomel SNC 

Via Domodossola 6 
10145 Torino 

Italy 


VART 

Componenti Elettronici SRL 
V. Le Marelli 19 

20099 Sesto San Giovanni 
(MI) 

Italy 


Zaniboni Adriano SAS 
Electronic Components Dist. 
Via La Dell Arcoveggio 
78/78A 

40129 Bologna 

Italy 


Hikari Alphax, Inc. 
Toshiba Osaka Building 6F 
2-12 Honmachi 4 Chome 
Chuo-Ku, Osaka 

Japan 

Phone: 06-281-1822 


Hikari Alphax, Inc. 
Dainihon Tosho Building 
1-9-10, Ginza Chuo-ku 
Tokyo, Japan 

Phone: 03-3567-5391 


Ilex, Inc. 

Carsel Well Building 6F 
1-8-10, Iidabashi 
Chiyoda-ku, Tokyo 
Japan 

Phone: 03-3237-8560 


I.N.E. Inc. 

Carsel Well Building 5F 
1-8-10, lidabashi 
Chiyoda-ku, Tokyo 
Japan 

Phone: 03-3262-2748 


Kokuei Tsushou Co., Ltd. 
21 Towa Building 8F 
4-6-1 lidabashi 
Chiyoda-ku, Tokyo 
Japan 

Phone: 03-3230-0191 


Midoriya Electronic Co., Ltd. 
Kdd Bingo-Cho Bldg. 2F 
5-2 Bingo-Cho 1 Chome 
Chuo-Ku, Osaka 

Japan 

Phone: 06-231-8300 


Midoriya Electronic Co., Ltd. 
2-7-19 Kyobashi 

Chuo-ku, Tokyo 

Japan 

Phone: 03-3561-8851 


Nihon Rivatec Co., Ltd. 
Wakasugi Building 4F 
18-18 Nakatsu 1 Chome 
Kita-Ju, Osaka 

Japan 

Phone: 06-372-4021 


Okamoto Electronics Corp. 
4-8-4, Nihonbashi 
Naniwa-ku, Osaka 

Japan 

Phone: 006-643-1651 


Okamoto Musen Electronic 
Co.; Lid. 

2-20 Nishi-Shinmachi | Chome 
Wakae, Higashi-Osaka 
Japan 

Phone: 06-730-3710 


Sakae Electronics Corp. 
WBG Malibu West 28F 

2-6 Nakase Mihama-ku 
Chiba-City, Chiba Prefecture 
Japan 

Phone: 043-297-0813 


Shibako Electronics Co. 
Okajima Building 5F 
8-4-15, Nishi-Gotanda 
Shinagawa-ku, Tokyo 
Japan 

Phone: 03-3779-0771 


5 technologies 


Unidux, Inc. 

5-1-21, Kyounan-Cho 
Musashino-Shi, Tokyo 
Japan 

Phone: 0422-32-4111 


Unitus Corp. 

1-15-6, Soto-Kanda 
Chiyoda-ku, Tokyo 
Japan 

Phone: 03-3253-8861 


Yong Jun Electronic Co. 
#181, Jangsa-Dong 
Chongro-Ku 

Seoul, Korea 

Phone: (02) 523-1800 
Fax: (02) 523-1803 


Dicopel S.A. 
Francisco Pimental 98 
Col. San Rafael 
Delegacion 
Cuauhtemoc 

06470 Mexico DF 
Phone: 52-5-705-7422 
Fax: 52-5-703-1772 


Future Electronics De Mexico 
S.A. de C.V. 

Prol. Americas 1600 

2 do. Pisco 

Guadalajara, Jalisco 

Mexico 44610 

Phone: (523) 678-9281 

Fax: (523) 678-9200 


Hartec Components Ltd. 
P.O. Box 97658 

SAMC 

Auckland 

New Zealand 


Farnell 

Chroomstraat 27 

NL 2718 R11 
Zoetermeer, Netherlands 
Phone: 079-61-31-61 
Fax: 079-61-31-69 


Spoerle Electronic 
Coltbaan 17 

NL-3439 NG Nieuwegein 
Netherlands 

Phone: (30) 6091234 
Fax: (30) 6035924 


CORPORATION 
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Spoerle Electronic 

De Run 1120 

NL-5503 LA Veldhoven 
Netherlands 

Phone: (40) 2545430 
Fax: (40) 2535540 


Eltema Oslo A/S 
Sandakervejen 76 
0483 Oslo 

Norway 

Phone: 47-22-15-65-00 
Fax: 47-22-15-65-70 


POLAND 


Semicon Electronic 
Components 

ul. Wystawowa | 
PL-51-618 Wroclaw 
Poland 

Phone: (71) 485641 
Fax: (71) 485641 


Spoerle Electronic 
Polska Sp. z.o.o. 

ul. Domaniewska 41 
PL-02-672 Warszawa 
Poland 

Phone: (22) 6400447 
Fax: (22) 6400348 


PUERTO RICO 


Future Electronics 

C-5 Vega DeFlorida 
Florida, Puerto Rico 00650 
Phone: 1-800-305-2343 
Fax: (305) 426-3939 


Future Electronics 

Unit 4 Blair Court 
Clydebank Business Park 
Clydebank, Glasgow 
Scotland G81 2RX 
Phone: 041-9511199 
Fax: 041-9514242 


Tarvet Electronics 
Bellman Way 

Donibristle Ind. 

Dalgety Bay 

Fife, Scotland KY11 5JW 
Phone: 01383-824500 
Fax: 01383-824797 


SINGAPORE 


Bell Systems Electronics 
Pte Ltd. 

1 Rochor Canal Rd., #06-20 
Sim Lim Square 

Singapore 188504 

Phone: 65-3388493 

Fax: 65-3363987 


Future Electronics 
#16-02 BP Tower 
396 Alexandra Road 
Singapore 0511 
Phone: (65) 479 1300 
Fax: (65) 479 3151 


Amitron Arrow 
Albasanz, 75 

28037 Madrid 

Spain 

Phone: 34-1-304-30-40 
Fax: 34-1-327-24-72 


Amitron Arrow 
Conchita Supervia 9 
08028 Barcelona 
Spain 

Phone: 34-3-490-74-94 
Fax: 34-3-330-53-04 


Elfa AB 

171 17 Solna 

Sweden 

Phone: 46-8-735-35-35 
Fax: 46-8-730-30-88 


Altrac AG 
Muehlehaldenstr. 6 
CH-8953 Dietikon 
Switzerland 

Phone: (1) 7414644 
Fax: (1) 7411960 


Spoerle Electronic 
Cherstrasse 4 
CH-8152 Opfikon- 
Glattbrugg 
Switzerland 

Phone: (1) 8746262 
Fax: (1) 8746200 


Spoerle Electronic 

En Chamard 

CH-1442 Montagny p/ 
Yverdon 

Switzerland 

Phone: (24) 270100 
Fax: (24) 245245 


Chung Mei Trading Co., Ltd. 
8F 76, Po-Ai Road 

Taipei, Taiwan, R.O.C. 
Phone: (02) 381-1180 

Fax: (02) 361-7529 


Kent Electronics 

4900 D Corporate Dr. 
Huntsville, AL 35805 
Phone: (205) 837-4000 
Fax: (205) 837-6977 


Milgray Electronics 

5021 Bradford Dr., Ste. 202 
Huntsville, AL 35805 
Phone: (205) 722-9709 
Fax: (205) 722-0161 


Reptron Electronics, Inc. 
4835 University Sq., Ste. 12 
Huntsville, AL 35816 
Phone: (205) 722-9500 
Fax: (205) 722-9565 


CALIFORNIA 
AGOURA HILLS 


F.A.L. 

27489 W. Agoura Road 
Suite 310 

Agoura Hills, CA 91301 
Phone: (818) 879-1234 
Fax: (818) 879-5200 


Future Electronics 
27489 W. Agoura Road 
Suite 300 

Agoura Hills, CA 91301 
Phone: (818) 865-0040 
Fax: (818) 865-1340 


Future Electronics 
25-B Technology W. 
Suite 200 

Irvine, CA 92718 
Phone: (714) 453-1515 
Fax: (714) 453-1226 


Milgray Electronics 

25 Mauchly, Suite 329 
Irvine, CA 92718 
Phone: (714) 753-1282 
Fax: (714) 753-1682 


Sterling Electronics 

15215 Alton Pkwy., Ste. 100 
Irvine, CA 92718 

Phone: (714) 453-7660 


CANOGA PARK 


FAT Electronics Fax: (714) 453-7676 


7F, 111 Sung Chiang Road ARIZONA Caltronics, Inc. MILPITAS 
Boss Tower Building PHOENIX 21315-R Saticoy St. _— _ 
Taipei, Taiwan, R.O.C. FAL Canoga Park, CA 91304 Projections Unlimited, Inc. 


Future Electronics 

7F, 111 Sung Chiang Road 

Boss Tower Building 

Taipei, Taiwan, R.O.C. 

Phone: (886) 2 507 1122 
Ext. 130,131 

Fax: (886) 2 507 4100 


Ralec Electronic Corporation 
No. 1, Central 2nd Street 
Nantze Export Processing Zone 
Kaohsiung, Taiwan, R.O.C. 
Phone: 886-7-366-1067 

Fax: 886-7-365-0507 


Ralec Electronic Corporation 
11/F, 287, Section 3, 

Nan King E. Road 

Taipei, Taiwan, R.O.C. 
Phone: 886-2-514-9155 

Fax: 886-2-514-9209 


ALABAMA 


HUNTSVILLE 


F.A.I. 

4825 University Square 
Suite 12 

Huntsville, AL 35816 
Phone: (205) 837-9209 
Fax: (205) 837-2723 


Future Electronics 
4825 University Square 
Suite 12 

Huntsville, AL 35816 
Phone: (205) 830-2322 
Fax: (205) 830-6664 
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4636 E. University Drive 
Suite 285 

Phoenix, AZ 85034 
Phone: (602) 731-4661 
Fax: (602) 731-9866 


Future Electronics 

4636 E. University Drive 
Suite 245 

Phoenix, AZ 85034 
Phone: (602) 968-7140 
Fax: (602) 968-0334 


Sterling Electronics 
3312 East Broadway Rd. 
Phoenix, AZ 85040 
Phone: (602) 437-5565 
Fax: (602) 437-5588 


SCOTTSDALE 


Kent Electronics 


15455 N. Greenway-Hayden Lp. 


Scottsdale, AZ 85260 
Phone: (602) 998-0399 
Fax: (602) 998-0302 


TEMPE 


Neumann Electroncis 

2400 W. 10th Place, Suite 5 
Tempe, AZ 85281 

Phone: (602) 929-9111 
Fax: (602) 929-9127 


RicheyCypress Electronics 
1438 W. Broadway Rd., 
Ste. B-260 

Tempe, AZ 85282 

Phone: (602) 966-2256 
Fax: (602) 921-3351 


Phone: (818) 346-4936 
Fax: (818) 346-0414 


FOUNTAIN VALLEY 


Kent Electronics 


17815 Newhope St., Ste. R 
Fountain Valley, CA 92708 


Phone: (714) 556-5700 
Fax: (714) 513-8915 


GARDEN GROVE 


Neumann Electronics 
13902 Heidi Street 


Garden Grove, CA 92643 


Phone: (714) 537-1708 
Fax: (714)537-1208 


RicheyCypress Electronics 


7441 Lincoln Way 


Garden Grove, CA 92641 


Phone: (714) 895-0060 
Fax: (714) 891-3563 


GILROY 


Mouser Electronics 
370 Tomkins Ct. 
Gilroy, CA 95020 
Phone: (408) 842-5522 
Fax: (408) 842-7375 


IRVINE 


Capstone Electronics 

6 Cromwell St., Ste 100 
Irvine, CA 92718 
Phone: (714) 587-0638 
Fax: (714) 454-4220 


F.A.I. 

25-B Technology W. 
Suite 200 

Irvine, CA 92718 
Phone: (714) 753-4778 
Fax: (714) 753-1183 
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1605-A South Main Street 
Milpitas, CA 95035 
Phone: (408) 942-1717 
Fax: (408) 942-3350 


OXNARD 


Milgray Electronics 
2001 Williams Dr. Unit 410 
Oxnard, CA 93030 


ROSEVILLE 


F.A.L. 

755 Sunrise Ave., Suite 150 
Roseville, CA 95661 
Phone: (916) 782-7882 
Fax: (619) 782-9388 


Future Electronics 

755 Sunrise Ave., Suite 150 
Roseville, CA 95661 
Phone: (916) 783-7877 
Fax: (619) 783-7988 


SAN DIEGO 


F.A.I. 

5151 Shoreham Place 
Suite 220 

San Diego, CA 92122 
Phone: (619) 623-2888 
Fax: (619) 623-2891 


Future Electronics 
5151 Shoreham Place 
Suite 220 

San Diego, CA 92122 
Phone: (619) 625-2800 
Fax: (619) 625-2810 


Kent Electronics 

6195 Cornerstone Ct. East 
Suite 114 

San Diego, CA 92121 
Phone: (619) 453-7133 
Fax: (619) 453-4477 


Milgray Electronics 

6885 FlandersAve., Ste. 300 
San Diego, CA 92121 
Phone: (619) 457-7545 

Fax: (619) 457-9750 


Neumann Electronics 
8665 Miralani Dr. 

San Diego, CA 92126 
Phone: (619) 695-3005 
Fax: (619) 695-0935 


Projections Unlimited, Inc. 
10054 Mesa Ridge Court, 
Ste. 114 

San Diego, CA 92121 
Phone: (619) 453-8444 
Fax: (619) 453-8282 


RicheyCypress Electronics 
7183 Construction Court 
San Diego, CA 92121 
Phone: (619) 271-4511 
Fax: (619) 586-7633 


Sterling Electronics 

9340 Hazard Way, Ste. 3A 
San Diego, CA 92123 
Phone: (619) 560-8097 
Fax: (619) 560-8498 


SAN JOSE 

Capstone Electronics 
1160 Ridder Park Drive 
San Jose, CA 95131 
Phone: (408) 453-9804 
Fax: (408) 453-9819 


Eric Electronics 

2210 Lundy Avenue 
San Jose, CA 95131 
Phone: (408) 432-1111 
Fax: (408) 433-0570 


F.A.L. 

2220 O’ Toole Avenue 
San Jose, CA 95131 
Phone: (408) 434-0369 
Fax: (408) 434-9599 


Future Electronics 
2220 O’ Toole Avenue 
San Jose, CA 95131 
Phone: (408) 434-1122 
Fax: (408) 433-0822 


Kent Electronics 

225 Charcot Ave. 

San Jose, CA 95131 
Phone: (408) 232-3000 
Fax: (408) 944-4399 


Milgray Electronics 

2880 Zanker Rd., Ste. 102 
San Jose, CA 95134 
Phone: (408) 456-0900 
Fax: (408) 456-0300 
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RicheyCypress Electronics 
2011 N. Capitol Ave. 

San Jose, CA 95132 
Phone: (408) 956-8010 
Fax: (408) 956-8245 


Sterling Electronics 
2159 Bering Dr. 

San Jose, CA 95131 
Phone: (408) 435-5566 
Fax: (408) 435-3041 


SANTA CLARA 


RicheyCypress Electronics 
3230 Scott Blvd. 

Santa Clara, CA 95054 
Phone: (408) 565-9774 
Fax: (408) 956-8245 


SANTEE 


Mouser Electronics 
11433 Woodside Ave. 
Santee, CA 92071 
Phone: (619) 449-2222 
Fax: (619) 449-6041 


SUN VALLEY 


RicheyCypress Electronics 
10871 La Tuna Canyon Rd. 
Sun Valley, CA 91352 


THOUSAND OAKS 


Milgray Electronics 

275 E. Hillcrest Dr., Ste. 145 
Thousand Oaks, CA 91360 
Phone: (805) 371-9399 

Fax: (805) 371-9317 


TUSTIN 


Projections Unlimited, Inc. 
14831 Myford Rd. 

Tustin, CA 92680 

Phone: (714) 544-2700 
Fax: (714) 544-8711 


WESTLAKE VILLAGE 


Sterling Electronics 

31200 Via Colinas, #110 
Westlake Village, CA 91362 
Phone: (818) 865-2322 

Fax: (818) 865-2332 


COLORADO 
AURORA 


Capstone Electronics 
3254 Fraser St. 
Aurora, CO 80011 


ENGLEWOOD 


Kent Electronics 

361 Inverness Drive South 
Suite H 

Englewood, CO 80112 
Phone: (303) 792-9100 
Fax: (303) 792-3009 


Milgray Electronics 
5650 DTC Parkway 
Englewood ,CO 80111 
Phone: (303) 721-7702 
Fax: (303) 721-7803 


Sterling Electronics 

101 Inverness Drive East 
Englewood, CO 80112 
Phone: (303) 792-3939 
Fax: (303) 792-3433 


LAKEWOOD 


F.A.I. 

12600 W. Colfax Avenue 
Suite B150 

Lakewood, CO 80215 
Phone: (303) 237-1400 
Fax: (303) 237-2990 


Future Electronics 

12600 W. Colfax Avenue 
Suite B110 

Lakewood, CO 80215 
Phone: (303) 232-2008 
Fax: (303) 232-2009 


WHEAT RIDGE 


RicheyCypress Electronics 


12421 West 49th Ave. 
Wheat Ridge, CO 80033 
Phone: (303) 424-8345 
Fax: (303) 424-8740 


CONNECTICUT 


CHESHIRE 


F.A.I. 

700 W. Johnson Avenue 
Westgate Office Center 
Cheshire, CT 06410 
Phone: (203) 250-1319 
Fax: (203) 250-1359 


Future Electronics 

700 W. Johnson Avenue 
Westgate Office Center 
Cheshire, CT 06410 
Phone: (203) 250-0083 
Fax: (203) 250-008 1 


MILFORD 


Milgray Electronics 
326 W. Main St. 

P.O. Box 418 

Milford, CT 06460 
Phone: (203) 878-5538 
Fax: (203) 878-6970 


WALLINGFORD 


Kent Electronics 

29A Village Lane 
Wallingford, CT 06492 
Phone: (203) 284-3400 
Fax: (203) 284-0294 


RicheyCypress Electronics 
6 Fairfield Blvd. 
Wallingford, CT 06492 
Phone: (203) 949-0449 
Fax: (203) 949-0466 


Sterling Electronics 

39 Capital Dr. 
Wallingford, CT 06492 
Phone: (203) 265-9535 
Fax: (203) 269-9742 


FLORIDA 


ALTAMONTE SPRINGS 


FAL 

237 S. Westmonte Drive 

Suite 307 

Altamonte Springs, FL 32714 
Phone: (407) 865-9555 

Fax: (407) 865-5969 


Future Electronics 

237 S. Westmonte Drive 
Suite 307 

Altamonte Springs, FL 32701 
Phone: (407) 865-7900 

Fax: (407) 865-7660 


Sterling Electronics 

370 S. Northlake Blvd., 

Suite 1008 

Altamonte Springs, FL 32701 
Phone: (407) 260-8558 

Fax: (407) 260-7123 


BOCA RATON 


NRC Electronics, Inc. 

6600 Park of Commerce Blvd. 
Boca Raton, FL 33487 
Phone: (407) 241-8600 

Fax: (407) 241-3328 


DEERFIELD BEACH 


F.A.1. 

1400 E. Newport Center Dr. 
Suite 200 

Deerfield Beach, FL 33442 
Phone: (305) 428-9494 
Fax: (305) 428-9477 


Future Electronics 

1400 E. Newport Center Dr. 
Suite 200 

Deerfield Beach, FL 33442 
Phone: (305) 426-4043 
Fax: (305) 426-3939 


FT. LAUDERDALE 


Reptron Electronics, Inc. 
3320 N.W. 53rd St., 

Suite 206 

Ft. Lauderdale, FL 33309 
Phone: (305) 735-1112 
Fax: (305) 735-1121 


LAKE MARY 


Milgray Electronics 

755 Rinehart Road, Ste. 100 
Lake Mary, FL 32746 
Phone: (407) 321-2555 

Fax: (407) 322-4225 


LARGO 


F.A.I. 

2200 Tall Pines Dr., Ste. 109 
Largo, FL 34641 

Phone: (813) 530-1665 

Fax: (813) 530-7609 


Future Electronics 

2200 Tall Pines Dr., Ste. 108 
Largo, FL 34641 

Phone: (813) 530-1222 

Fax: (813) 538-9598 


ORLANDO 


Kent Electronics 

6355 Metrowest Blvd., 
Ste. 240 

Orlando, FL 32835 
Phone: (407) 292-1000 
Fax: (407) 296-3893 


TALLAHASSEE 


F.A.I. 

1435 Market Street 
Tallahassee, FL 32312 
Phone: (904) 668-7772 
Fax: (904) 668-0856 


TAMPA 


Reptron Electronics, Inc. 
14401 McCormick Dr. 
Tampa, FL 33626 
Phone: (813) 855-4656 
Fax: (813) 855-7660 


GEORGIA 


NORCROSS 


F.A.I. 

3150 Holcomb Bridge Rd. 
Suite 130 

Norcross, GA 30071 
Phone: (404) 447-4767 
Fax: (404) 447-5118 


Future Electronics 

3150 Holcomb Bridge Rd. 
Suite 130 

Norcross, GA 30071 
Phone: (404) 441-7676 
Fax: (404) 441-7580 


Milgray Electronics 
3000 Northwoods Pkwy. 
Suite 115 

Norcross, GA 30071 
Phone: (404) 446-9777 
Fax: (404) 446-1186 
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Reptron Electronics, Inc. 
3040 Business Park, Ste. H 
Norcross, GA 30071 
Phone: (404) 446-1300 
Fax: (404) 446-2991 


Sterling Electronics 

5555 Oakbrook Pkwy., #350 
Norcross, GA 30093 

Phone: (404) 441-0449 

Fax: (404) 441-2787 


IDAHO 


BOISE 


F.A.I. 

12438 W. Bridger, Ste. 110 
Boise, ID 83713 

Phone: (208) 376-8080 
Fax: (208) 376-6186 


Radar Electric Co. 
5825 Franklin Rd. 
Boise, ID 83709 
Phone: (208) 336-2227 
Fax: (208) 336-2322 


ILLINOIS 
CHICAGO 


Waldom Electronics Inc. 
4301 West 69th St. 
Chicago, IL 60629 
Phone: (312) 585-1212 
Fax: (312) 585-5629 


ELK GROVE VILLAGE 


Kent Electronics 

721 Landmeier Rd. 

Elk Grove Village, IL 60007 
Phone: (708) 364-1300 

Fax: (708) 364-1309 


HOFFMAN ESTATES 


F.A.I. 

3150 W. Higgins Road 
Suite 150 

Hoffman Estates, IL 60195 
Phone: (708) 843-0034 
Fax: (708) 843-1163 


Future Electronics 

3150 W. Higgins Road 
Suite 160 

Hoffman Estates, IL 60195 
Phone: (708) 882-1255 
Fax: (708) 490-9290 


ITASCA 


Capstone Electronics 

1100 West Thorndale Ave. 
Itasca, IL 60143 

Phone: (708) 250-0300 
Fax: (708) 250-0183 


CORPORATION 


PALATINE 


Milgray Electronics 
1530 E. Dundee Rd., 
Ste. 230 

Palatine, IL 60067-8319 
Phone: (708) 202-1900 
Fax: (708) 202-1985 


SCHAUMBURG 


Reptron Electronics, Inc. 
1000 E. State Pkwy., Ste. K 
Schaumburg, IL 60173 
Phone: (847) 882-1700 
Fax: (847) 882-8904 


Sterling Electronics 
2050 Algonquin Rd., 
Ste. 608 

Schaumburg, IL 60173 
Phone: (847) 303-9900 
Fax: (847) 303-9933 


INDIANA 


INDIANAPOLIS 


Electronics Marketing Corp. 
5610 Crawfordsville Rd. 
Indianapolis, IN 46224 
Phone: (317) 484-3050 

Fax: (317) 484-3059 


F.A.I. 

8425 Woodfield Crossing 
Suite 175 

Indianapolis, IN 46240 
Phone: (317) 469-0441 
Fax: (317) 469-0446 


Future Electronics 

8425 Woodfield Crossing 
Suite 175 

Indianapolis, IN 46240 
Phone: (317) 469-0447 
Fax: (317) 469-0448 


Milgray Electronics 
5226 Elmwood Ave. 
Indianapolis, IN 46203 
Phone: (317) 781-9997 
Fax: (317) 781-6970 


IOWA 


CEDAR RAPIDS 


Kent Electronics 

5300 N. Park Place, Ste. 110 
Cedar Rapids. IA 52402 
Phone: (319) 373-0525 

Fax: (319) 377-9102 


KANSAS 


LENEXA 


Sterling Electronics 
14635 W. 95th Street 
Lenexa, KS 66215 
Phone: (913) 492-5406 
Fax: (913) 492-6681 
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OVERLAND PARK 


F.A.I. 

8826 Santa Fe Dr., Ste. 160 
Overland Park, KS 66212 
Phone: (913) 381-6800 
Fax: (913) 381-6899 


Future Electronics 

8826 Santa Fe Dr., Ste. 150 
Overland Park, KS 66212 
Phone: (913) 649-1531 
Fax: (913) 649-1786 


Kent Electronics 

6316 College Blvd. 
Overland Park, KS 66211 
Phone: (913) 338-4300 
Fax: (913) 338-3195 


Milgray Electronics 

6400 Glenwood, Ste. 313 
Overland Park, KS 66202 
Phone: (913) 236-8800 
Fax: (913) 384-6825 


LOUISIANA 


AVONDALE 


Sterling Electronics 
176 Elaine Drive 
Avondale, LA 70094 
Phone: (504) 436-1418 
Fax: (504) 436-1418 


MARYLAND 


COLUMBIA 


F.A.I. 

6716 Alexander Bell Dr. 
Suite 101 

Columbia, MD 21046 
Phone: (410) 312-0833 
Fax: (410) 312-0877 


Future Electronics 

6716 Alexander Bell Dr. 
Suite 101 

Columbia, MD 21046 
Phone: (410) 290-0600 
Fax: (410)290-0328 


Kent Electronics 

9104 Guilford Road, #1010 
Columbia, MD 21046 
Phone: (410) 720-6200 
Fax: (301) 470-140 


Milgray Electronics 

6460 Dobbin Rd, Ste. D 
Columbia, MD 21045-5813 
Phone: (410) 730-6119 
Fax: (410) 730-8940 


Reptron Electronics, Inc. 
8945 Guilford Rd., Ste. 110 
Columbia, MD 21046 
Phone: (410) 290-5113 
Fax: (410) 290-7650 


Sterling Electronics 

6304 Woodside Ct., Ste. 115 
Columbia, MD 21046 
Phone: (410) 290-3800 

Fax: (410) 290-3876 


ROCKVILLE 


All American 

14636 Rothgeb Dr. 
Rockville, MD 20850 
Phone: (301) 251-1205 


MICHIGAN 


LIVONIA 


F.A.L. 

35200 Schoolcraft Road 
Suite 106 

Livonia, MI 48150 
Phone: (313) 513-0015 
Fax: (313) 513-8129 


Future Electronics 


ST. PAUL 


Gopher Electronics 

222 Little Canada Road 
St. Paul, MN 55117 
Phone: (612) 490-4900 
Fax: (612) 490-4911 


Kent Electronics 

953 Westgate Dr. 

St. Paul, MN 55114 
Phone: (612) 642-2828 


Sterling Electronics 

16000 Horizon Way, #800 
Mt. Laurel, NJ 08054 
Phone: (609) 273-6420 
Fax: (609) 273-6440 


PARSIPPANY 


F.A.I. 

1259 Route 46 East 
Parsippany, NJ 07054 
Phone: (201) 331-1133 


Fax: (301) 251-8574 a Road Fax: (612) 642-2811 Fax: (201) 299-1329 
MASSACHUSETTS =e aa MISSOURI Future Electronics 
BOLTON oe ‘ 1259 Route 46 East 

ne Fax: (313) 261-8175 ST. LOUIS Parsippany, NJ 07054 

ALL. F.A.I. Phone: (201) 299-0400 


41 Main Street 
Bolton, MA 01740 
Phone: (508) 779-3111 
Fax: (508) 779-3199 


Future Electronics 

41 Main Street 

Bolton, MA 01740 
Phone: (508) 779-3000 
Fax: (508) 779-3050 


CHELMSFORD 


Kent Electronics 

19 Alpha Rd. 
Chelmsford, MA 01824 
Phone: (508) 250-9666 
Fax: (508) 250-8119 


WESTBOROUGH 


RicheyCypress Electronics 
11 Walkup Drive 
Westborough, MA 01581 
Phone: (508) 870-5750 
Fax: (508) 898-3616 


WILMINGTON 


Capstone Electronics 

25 Upton Drive 
Wilmington, MA 01887 
Phone: (508) 657-5874 
Fax: (508) 988-9282 
Milgray Electronics 

187 Ballardvale St. 
Wilmington, MA 01887 
Phone: (508) 657-5900 
Fax: (508) 658-7989 


WOBURN 


Sterling Electronics 
15-D Constitution Way 
Woburn, MA 01801 
Phone: (617) 938-6200 
Fax: (617) 933-5468 
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Reptron Electronics, Inc. 
34403 Glendale 
Livonia, MI 48150 
Phone: (313) 525-2700 
Fax: (313) 525-3209 


GRAND RAPIDS 


Future Electronics 

4505 Broadmoor S.E. 
Grand Rapids, MI 49512 
Phone: (616) 698-6800 
Fax: (616) 698-6821 


MINNESOTA 


EDEN PRAIRIE 


F.A.I. 

10025 Valley View Road 
Suite 198 

Eden Prairie, MN 55344 
Phone: (612) 947-0909 
Fax: (612) 947-0904 


Future Electronics 

10025 Valley View Road 
Suite 196 

Eden Prairie, MN 55344 
Phone: (612) 944-2200 
Fax: (612) 944-2520 


RicheyCypress Electronics 
7650 Executive Drive 
Eden Prairie, MN 55344 
Phone: (612) 934-2104 
Fax: (612) 934-2057 


MINNEAPOLIS 


Sterling Electronics 
5000 West 78TH Street 
Minneapolis, MN 55435 
Phone: (612) 831-2666 
Fax: (612) 831-3043 


PLYMOUTH 


Reptron Electronics, Inc. 
3750 Annapolis Lane North 
Ste, 155 

Plymouth, MN 55447 
Phone: (612) 559-0000 
Fax: (612) 553-0753 


CORPORATION 


12125 Woodcrest Exec. Dr. 
Suite 208 

St. Louis, MO 63141 
Phone: (314) 542-9922 
Fax: (314) 542-9655 


Future Electronics 

12125 Woodcrest Exec. Dr. 
Suite 220 

St. Louis, MO 63141 
Phone: (314) 469-6805 
Fax: (314) 469-7226 


NEW JERSEY 
MARLTON 


Capstone Electronics 

4 East Stow Rd., #12 
Marlton, NJ 08053 
Phone: (609) 596-7500 
Fax: (609) 988-1684 


F.A.I. 

12 East Stow Rd., Suite 130 
Marlton, NJ 08053 

Phone: (609) 988-1500 
Fax: (609) 988-923 


Future Electronics 

12 East Stow Rd., Suite 200 
Marlton, NJ 08053 

Phone: (609) 596-4080 
Fax: (609) 596-4266 


MT. LAUREL 


Kent Electronics 

16000 Commerce Parkway 
Suite K 

Mt. Laurel, NJ 08054 
Phone: (609) 222-9200 
Fax: (609) 222-9292 


Milgray Electronics 
523 Fellowship Rd. 
Suite 275 

Mt. Laurel, NJ 08054 
Phone: (609) 778-1300 
Fax: (609) 778-7669 
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Fax: (201) 299-1377 


Milgray Electronics 
3799 Route 46 East 
Suite 303 

Parsippany, NJ 07054 
Phone: (201) 335-1766 
Fax: (201) 335-2110 


Sterling Electronics 
1259 Route 46 East 
Building #3 
Parsippany, NJ 07054 
Phone: (201) 331-0999 
Fax: (201)331-0585 


PINEBROOK 


Kent Electronics 

55 U.S. Highway 46, #401 
Pinebrook, NJ 07058 
Phone: (201) 575-3300 
Fax: (201) 575-3354 


RANDOLPH 


Mouser Electronics 

12 Emery Ave. 
Randolph, NJ 07869 
Phone: (201) 328-3322 
Fax: (201) 328-7120 


WEST BERLIN 


All American 

245-D Clifton Ave. 
West Berlin, NJ 08091 
Phone: (609) 768-6767 
Fax: (609) 768-3649 


NEW MEXICO 


ALBUQUERQUE 
Sterling Electronics 


3540-D Pan American Frwy. 


Albuquerque, NM 87107 
Phone: (505) 884-1900 
Fax: (505) 884-1904 


NEW YORK 


FARMINGDALE 


Milgray Electronics 

77 Schmitt Blvd. 
Farmingdale, NY 11735 
Phone: (516) 391-3000 
Fax: (516) 420-0685 


HAUPPAUGE 


F.A.L 

801 Motor Parkway 
Hauppauge, NY 11788 
Phone: (516) 348-3700 
Fax: (315) 348-3793 


Future Electronics 

801 Motor Parkway 
Hauppauge, NY 11788 
Phone: (516) 234-4000 
Fax: (315) 234-6183 


ONEIDA 


Kent Electronics 

600 Seneca St., Suite 102 
Oneida, NY 13421 
Phone: (315) 361-4100 
Fax: (315) 361-4214 


PITTSFORD 


Milgray Electronics 

1170 Pittsford-Victor Rd., 
Suite 200 

Pittsford, NY 14534 
Phone: (716) 381-9700 
Fax: (716) 381-9495 


ROCHESTER 


F.A.L. 

300 Linden Oaks 
Rochester, NY 14625 
Phone: (716) 387-9600 
Fax: (716) 387-9596 


Future Electronics 

300 Linden Oaks 
Rochester, NY 14625 
Phone: (716) 387-9550 
Fax: (716) 387-9563 


Masline 

511 S. Clinton Avenue 
Rochester, NY 14620 
Phone: (716) 546-5373 
Fax: (716) 546-2004 


Simcona Electronics Corp. 
275 Mt. Read Blvd. 
Rochester, NY 14606 
Phone: (716) 328-3230 
Fax: (716) 436-5926 


SYRACUSE 


F.A.I. 

200 Salina Meadows Pkwy. 
Suite 150 

Syracuse, NY 13212 
Phone: (315) 451-4405 
Fax: (315) 451-2621 
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Future Electronics 

200 Salina Meadows Pkwy. 
Suite 130 

Syracuse, NY 13212 
Phone: (315) 451-2371 
Fax: (315) 451-7258 


NORTH CAROLINA 


CHARLOTTE 


Electronics Marketing Corp. 
1945 I-85 South 

P.O. Box 668586 

Charlotte, NC 28266 
Phone: (704) 394-6195 

Fax: (704) 393-3731 


F.A.I. 

8401 University Exec. Park 
Suite 108 

Charlotte, NC 28262 
Phone: (704) 548-9503 
Fax: (704) 548-9469 


Future Electronics 

8401 University Exec. Park 
Suite 108 

Charlotte, NC 28262 
Phone: (704) 547-1107 
Fax: (704) 547-965 


RALEIGH 


Capstone Electronics 
5230 Green’s Dairy Road 
Raleigh, NC 27604 
Phone: (919) 954-0600 
Fax: (919) 954-9445 


F.A.L. 

5223 Capital Blvd. 

1 N. Commerce Center 
Raleigh, NC 27604 
Phone: (919) 876-0088 
Fax: (919) 876-8597 


Kent Electronics 

2725 Milbrook Road 
Suite 123 

Raleigh, NC 27604 
Phone: (919) 981-0771 
Fax: (919) 981-0294 


Future Electronics 
5225 Capital Blvd. 

1 N. Commerce Center 
Raleigh, NC 27604 
Phone: (919) 790-7111 
Fax: (919) 790-9022 


Milgray Electronics 

2925 Huntleigh Dr., Ste. 101 
Raleigh, NC 27604 

Phone: (919) 790-8094 

Fax: (919) 872-8851 


CORPORATION 


Reptron Electronics, Inc. 
5954-A Six Forks Road 
Raleigh, NC 27609 
Phone: (919) 870-5189 
Fax: (919) 870-5210 


Sterling Electronics 
2725 Millbrook Rd 
Suite 123 

Raleigh, NC 27609 
Phone: (919) 790-8634 
Fax: (919) 790-9486 


WINSTON-SALEM 


M & C Sales, Inc. 

1106 Burke St. 
Winston-Salem, NC 27101 
Phone: (910) 722-9445 
Fax: (910) 722-9447 


OHIO 


BEAVERCREEK 


F.A.I. 

1430 Oak Court 

Suite 203 

Beavercreek, OH 45430 
Phone: (513) 427-6090 
Fax: (513) 427-6099 


Future Electronics 

1430 Oak Court, Suite 203 
Beavercreek, OH 45430 
Phone: (513) 426-0090 
Fax: (513) 426-8490 


CINCINNATI 


Schuster Electronics 
11320 Grooms Road 
Cincinnati, OH 45242 
Phone: (513) 489-14 


CLEVELAND 


Milgray Electronics 

6155 Rockside Rd, Ste. 206 
Cleveland, OH 44131 
Phone: (216) 447-1520 
Fax: (216) 447-1761 


COLUMBUS 


Electronics Marketing Corp. 


1150 West Third Avenue 
Columbus, OH 43212 
Phone: (614) 299-4161 
Fax: (614) 299-4121 


HIGHLAND HEIGHTS 


Electronics Marketing Corp. 


14 Alpha Park 

Highland Heights, OH 44143 
Phone: (216) 442-3441 

Fax: (216) 442-8122 


MAYFIELD HEIGHTS 


F.A.I. 

6009C Landerhaven Drive 
Mayfield Hts, OH 44124 
Phone: (216) 446-0061 
Fax: (216) 446-0062 
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Future Electronics 

6009E Landerhaven Drive 
Mayfield Hts, OH 44124 
Phone: (216) 449-6996 
Fax: (216) 449-8987 


SOLON 


Reptron Electronics, Inc. 
31225 N. Bainbridge Rd. 
Ste. N 

Solon, OH 44139 
Phone: (216) 349-1415 
Fax: (216) 349-1634 


Sterling Electronics 
6557 A Cochran Rd. 
Solon, OH 44139 
Phone: (216) 248-1122 
Fax: (216) 248-0554 


TWINSBURG 


Schuster Electronics 
2057-D East Aurora Rd. 
Twinsburg, OH 44087 
Phone: (216) 425-8134 
Fax: (216) 425-1863 


OKLAHOMA 


TULSA 


F.A.L. 

7030 South Yale, Suite 411 
Tulsa, OK 74136 

Phone: (918) 492-1500 
Fax: (918) 492-4848 


Norvell Electronics 
10830 East 45th Place, 
Ste. 303 

Tulsa, OK 74146 
Phone: (918) 628-1916 
Fax: (918) 628-1915 


Sterling Electronics 

5119 So. 110th East Ave. 
Tulsa, OK 74146 
Phone: (918) 663-2410 
Fax: (918) 663-6212 


OREGON 
BEAVERTON 


Capstone Electronics 
9500-E S.W. Nimbus Oaks 
Beaverton, OR 97005 
Phone: (503) 614-0123 
Fax: (503) 614-3318 


FAL. 

15236 NW Greenbrier Pkwy. 
Beaverton, OR 97006 
Phone: (503) 297-5020 

Fax: (503) 297-6144 


Future Electronics 

15236 NW Greenbrier Pkwy. 
Beaverton, OR 97006 
Phone: (503) 645-9454 

Fax: (503) 645-1559 


Kent Electronics 

9770 S.W. Nimbus Ave. 
Beaverton, OR 97005 
Phone: (503) 626-8300 
Fax: (503) 626-8330 


Milgray Electronics 
8705 S.W. Nimbus Ave. 
Ste. 260 

Beaverton, OR 97008 
Phone: (503) 626-4040 
Fax: (503) 641-0650 


Sterling Electronics 

6160 Southwest Arctic Dr. 
Beaverton, OR 97005 
Phone: (503) 643-9090 
Fax: (503) 644-2933 


PORTLAND 


FAI Electronics 
9900 S.W. Wilshire 
Suite 280 

Portland, OR 97225 


Radar Electric Co. 

704 S.E. Washington 
Portland, OR 97214 
Phone: (503) 232-3404 
Fax: (503) 235-0428 


PENNSYLVANIA 
HORSHAM 


Reptron Electronics 
179 Witmer Road 
Horsham, PA 19044 
Phone: (215) 672-6055 
Fax: (215) 672-4966 


RHODE ISLAND 


PAWTUCKET 


Major/Edwards Elect. Supply 
23 Summer St. 

Pawtucket, RI 02860 
Phone: (401) 725-7400 
Fax: (401) 725-6870 


TEXAS 


AUSTIN 


F.A.L 

9020 Capital of Texas Hwy N. 
Suite 610 

Austin, TX 78759 

Phone: (512) 346-6426 

Fax: (512) 346-6781 


Future Electronics 

9020 Capital of Texas Hwy N. 
Suite 610 

Austin, TX 78759 

Phone: (512) 502-0991 

Fax: (512) 502-0740 
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Kent Electronics 

11500 Metric Blvd., Ste. 410 
Austin, TX 78758 

Phone: (512) 834-1900 

Fax: (512) 834-8183 


Milgray Electronics 
11824 Jollyville Rd. 
Ste. 103 

Austin TX 78759 
Phone: (512) 331-9961 
Fax: (512) 331-1070 


Norvell Electronics 

9111 Jollyville Rd., Ste. 207 
Austin, TX 78759 

Phone: (512) 343-2900 

Fax: (512) 343-9602 


Sterling Electronics 

11500 Metric Blvd., Ste. 495 
Austin, TX 78758 

Phone: (512) 836-1341 

Fax: (512) 836-3279 


CARROLLTON 


Capstone Electronics 
3220 Commander Drive 
Carrollton, TX 75006 
Phone: (214) 380-9049 
Fax: (214) 380-6751 


Sterling Electronics 
1210 Champion Circle, 
Ste. #100 

Carrollton, TX 75006 
Phone: (214) 243-1600 
Fax: (214) 243-4091 


DALLAS 


Milgray Electronics 
16610 N. Dallas Parkway 
Suite 1300 

Dallas, TX 75248 
Phone: (214) 248-1603 
Fax: (214) 248-0218 


Norvell Electronics 
14400 Midway Road 
Dallas, TX 75244 
Phone: (214) 233-0020 
Fax: (214) 490-7245 


EL PASO 


F.A.I. 

7500 Viscount-The Courtyard 
Suite C75 

El Paso, TX 79925 

Phone: (915) 779-7484 

Fax: (915) 779-7121 


FT. WORTH 


Allied Electronics, Inc. 
7410 Pebble Drive 

Ft. Worth, TX 76118 
Phone: (817) 595-3500 
Fax: (817) 595-6470 


CORPORATION 


HOUSTON 


F.A.I. 

10333 Richmond Avenue 
Suite 970 

Houston, TX 77042 
Phone: (713) 952-7088 
Fax: (713) 952-7098 


Future Electronics 

10333 Richmond Avenue 
Suite 970 

Houston, TX 77042 
Phone: (713) 785-1155 
Fax: (713) 785-4558 


Kent Electronics 

7433 Harwin Dr. 
Houston, TX 77036-2079 
Phone: (713) 780-7770 
Fax: (713) 978-5870 


Norvell Electronics 

13831 Northwest Freeway 
Suite 210 

Houston, TX 77040 
Phone: (713) 462-1666 
Fax: (713) 462-3210 


Sterling Electronics 
4201 S.W. Freeway 
Houston, TX 77027 
Phone: (713) 627-9800 
Fax: (713) 629-3939 


IRVING 


RicheyCypress Electronics 
3010 Skyway Circle No. 
Irving, TX 75038 

Phone: (214) 255-0065 
Fax: (214) 255-0145 


MANSFIELD 


Mouser Electronics 
958 N. Main St. 
Mansfield, TX 76063 
Phone: (817) 483-4422 
Fax: (817) 483-0931 


RICHARDSON 


F.A.I. 

800 E. Campbell Road 
Suite 126 

Richardson, TX 75081 
Phone: (214) 231-7195 
Fax: (214) 231-2508 


Future Electronics 

800 E. Campbell Road 
Suite 130 

Richardson, TX 75081 
Phone: (214) 437-2437 
Fax: (214) 669-2347 


Kent Electronics 

1360 Presidental Dr., S-170 
Richardson, TX 75081 
Phone: (214) 669-2600 
Fax: (214) 669-8914 
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SAN ANTONIO 


F.A.L. 

6800 Park Ten Blvd. 
Suite 137E 

San Antonio, TX 78213 
Phone: (210) 738-3330 
Fax: (210) 738-0511 


STAFFORD 


Milgray Electronics 
12919 S.W. Freeway, 
Ste. 130 

Stafford, TX 77477 
Phone: (713) 240-5360 
Fax: (713) 240-5404 


UTAH 


FARMINGTON 


Projections Unlimited, Inc. 
1456 S. 200 East 
Farmington, UT 84025 
Phone: (801) 363-1133 


MURRAY 


Milgray Electronics 

310 East 4500 South, #110 
Murray, UT 84107 
Phone: (801) 261-2999 
Fax: (801) 261-0880 


SALT LAKE CITY 


F.A.I. 

3450 S. Highland Drive 
Suite 303 

Salt Lake City, UT 84106 
Phone: (801) 467-9696 
Fax: (801) 467-9755 


Future Electronics 

3450 S. Highland Drive 
Suite 301 

Salt Lake City, UT 84106 
Phone: (801) 467-4448 
Fax: (801) 467-3604 


Sterling Electronics 

1615 West 2200 South 
Salt Lake City, UT 84119 
Phone: (801) 972-5444 
Fax: (801) 972-5498 


VIRGINIA 


CHARLOTTESVILLE 


F.A.I. 

660 Hunters Place, Suite 202 
Charlottesville, VA 22901 
Phone: (804) 984-5022 

Fax: (804) 984-5422 


Virginia Electronic 
Components Inc. 

715 Henry Ave. 
Charlottesville, VA 22902 
Phone: (804) 296-4184 
Fax: (804) 971-8411 


RICHMOND 


Sterling Electronics 

711 Moorefield Park Dr, 
Ste. J 

Richmond, VA 23236 
Phone: (804) 323-5510 
Fax: (804) 323-5580 


WASHINGTON 


BOTHELL 
F.A.L 


19102 North Creek Pkwy. 


Suite 118 

Bothell, WA 98011 
Phone: (206) 485-6616 
Fax: (206) 483-6109 


Future Electronics 


19102 North Creek Pkwy. 


Suite 118 

Bothell, WA 98011 
Phone: (206) 489-3400 
Fax: (206) 489-341 1 


KIRKLAND 


RicheyCypress Electronics 


11511 N.E. 118th Street 
Kirkland, WA 98034 
Phone: (206) 821-6960 
Fax: (206) 821-6538 


REDMOND 


Kent Electronics 
8469 154th Ave. N.E. 
Redmond, WA 98052 
Phone: (206) 883-7200 
Fax: (206) 885-7081 


RICHLAND 


Radar Electric Co. 

222 Symons 

Richland, WA 99352 
Phone: (509) 943-8336 
Fax: (509) 943-6790 


SEATTLE 


Radar Electric Co. 

168 Western Ave. W. 
Seattle, WA 98119 
Phone: (206) 282-2511 
Fax: (206) 282-1598 


SPOKANE 


Radar Electric Co. 
East 223 Pacific 
Spokane, WA 99202 
Phone: (509) 747-3053 
Fax: (509) 456-8069 


WISCONSIN 


BROOKFIELD 


F.A.I. 

250 N. Patrick Blvd. 
Brookfield, WI 53045 
Phone: (414) 792-9778 
Fax: (414) 792-9779 


Future Electronics 

250 N. Patrick Blvd. 
Suite 170 

Brookfield, WI 53045 
Phone: (414) 879-0244 
Fax: (414) 879-0250 
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CORPORATION 
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AMERICAS 

BI Technologies Corporation 
4200 Bonita Place 

Fullerton, CA 92635-1053 
Telephone: (714) 447-2345 
Fax: (714) 447-2500 


EUROPE 

BI Technologies Ltd. 

Telford Road, Eastfield Industrial Park 
Glenrothes, Fife, Scotland KY7 ANX 
Telephone: (44) 1 592-662200 
Fax: (44) 1 592-662299 


JAPAN/ASIA 

BI Technologies Japan, Ltd. 
Kakumaru Building, 4/F 

1-10, Toyo 7-Chome 

Koto-ku, Tokyo 135 Japan 
Telephone: (81) 3-3615-1811 
Fax: (81) 3-3647-2443 


ASTEC 
BI Technologies 
IS. a company of 


Astec (BSR) Plc 


